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INTRODUCTION 
Corn Quality and Breakage Susceptibility 
The rapid transition from ear corn harvesting to field shelling 
and artificial drying during the past two decades has resulted in greater 
ease and convenience, but also in a marked increase in kernel breakage 
as the corn progresses through market channels. This broken corn along 
with foreign material (BCFI-I), a grading factor in the U.S. grain stand­
ard, reduces the quality of corn. BCFM is defined by the Official U.S. 
Standard for grain as broken kernels and fine materials that will pass 
through a screen with 4.76-mm (12/64-inch) round holes plus the materials 
other than corn remaining in the sieved sample (USDA, 1978). 
Importance of corn breakage in grain market 
Corn is subjected to numerous physical and mechanical stresses from 
the time of harvest until delivery for end use. Most kernel disinte­
gration results from mechanical and impact forces during field shelling, 
drying, and handling. Because corn may be handled as many as 20 times 
between harvest and export, the final amount of BCFM may exceed 7%, which 
classifies corn as sample grade (Miller et al., 1981a). 
Broken corn kernels have a detrimental economic effect due to loss 
of market value, increased susceptibility to microbiological damage, 
loss of value for food and cost of removal. Broken kernels are also 
believed to be primarily responsible for some dust explosions and 
fires. 
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Breakage susceptibility as a quality factor 
Corn quality as expressed In U.S. grades Is determined by factors 
such as test weight, BCEM and damaged kernels. Other quality factors 
not included in the grain standard may also have special importance 
under certain circumstances. For Instance, BCFM is the single most im­
portant factor in downgrading the quality of corn in export markets. 
Therefore, it is imperative that susceptibility to kernel breakage be 
considered as one of the quality factors for corn traded in internation­
al markets. 
Breakage susceptibility is defined as the potential for kernel frag­
mentation or breakage when subjected to Impact forces during handling 
or transport (AACC, 1983). Breakage susceptibility measures the brittle-
ness of kernels which, in turn, influences the extent of breakage in 
commercial marketing channels. A corn lot with high breakage suscepti­
bility will generate more BCFM in subsequent handling operations com­
pared to a lot with less breakage susceptibility and, therefore, more 
BCFM has to be removed to maintain the same grade. Because of this, 
there is a growing need for some measure of breakage susceptibility in 
the present grain grading system so that buyers can direct more fragile 
grain to more immediate use such as feed where there are fewer handling 
steps needed and less strict requirement for whole kernels (Hurburgh, 
1983). They can also adopt good management practices to ensure gentle 
handling of the more fragile grain. On the other hand, the relatively 
stronger grain may be moved through export and other multiple handling 
channels. 
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Measurement of corn breakage susceptibility 
In order to Incorporate breakage susceptibility as a quality fac­
tor in the grain trade, it is highly desirable to have an accurate 
measurement of this quality factor. Several attempts had been made to 
develop testing devices for measuring corn resistance to breakage. To 
date, only the Stein tester is commercially available to measure the 
brittleness of grain. But this tester is found to produce inconsistent 
results and is incapable of inflicting measurable damage to corn highly 
resistant to breakage (Sharda and Herum, 1977; Singh, 1980). The cen­
trifugal impacter (later known as Wisconsin Breakage Tester), developed 
in the University of Wisconsin Department of Agricultural Engineering, 
exhibited improved results over the Stein tester and could be used for 
accurate and reliable prediction of corn breakage susceptibility in both 
research and marketing channels (Singh, 1980; Singh and Finner, 1983). 
In a collaborative research program conducted by the NC-151 committee, 
the Wisconsin Breakage Tester (WBT) produced breakage results with the 
lowest coefficient of variation as compared to other testing devices 
used for corn breakage susceptibility evaluations (Singh, 1985). 
Problem Justification 
Factors affecting breakage susceptibility 
Several factors, including grain moisture content and temperature, 
drying air temperature, percentages of stress crack present, and corn 
variety are known to affect breakage susceptibility of corn. 
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Corn variety Significant differences in breakage susceptibili­
ty values are found to exist among different genotypes (Paulsen et al., 
1983; Stroshine et al., 1982). U.S. dent corn suffers greater breakage 
than flint corn grown in Argentina, when subjected to stresses in foreign 
shipments (Reagan, 1981). This is primarily due to differences in their 
kernel structures. 
Bulk density or test weight, a measure of corn quality in U.S. 
grading system, greatly depend on cellular structure of the grain which 
varies from one variety to another. The cellular structure of biological 
material is known to have great influence on its mechanical behavior dur­
ing the handling process (Singh, 1985). Therefore, corn bulk density 
may also affect its fracture resistance during handling. 
Drying air temperature Effects of heated air drying on the 
formation of stress cracks (fissures in the endosperm) in corn kernels 
have been well-established. Percentage of stress cracks in corn kernels 
increases with drying air temperature, drying rate, and initial corn mois­
ture (Thompson and Foster, 1963; Smit and DeBeer, 1970; Gunasekaran 
and Paulsen, 1985). When handled and transported, kernels with stress 
cracks break more readily than the sound kernels and can generate con­
siderable amounts of broken and fines. Apart from stress cracks, the 
stresses and strain caused by the high drying air temperature affect the 
mechanical strength of corn kernels and their susceptibility to breakage 
during subsequent handling operations (Srivastava et al., 1974). 
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Grain moisture and adjustment of breakage susceptibility Breakage 
susceptibility as measured by a breakage tester is greatly influenced by 
grain moisture and to some extent by grain temperature (Herum and Blais-
dell, 1981). There is no significant difference in breakage values of 
corn lots between origin and export market channels if grain moisture 
remains constant (Paulsen and Hill, 1983). Therefore, breakage suscepti­
bility of different corn samples must be evaluated at or adjusted to a 
common moisture. However, it is not possible to equilibrate test samples 
to a constant moisture level if corn is sampled while in marketing chan­
nels. Further, different hybrids may have equilibrium moisture content 
differences sufficient to cause significant variations in breakage sus­
ceptibility values. Thus, a moisture correction factor or adjustment 
equation for compensating the variations in the breakage values result­
ing from changes in kernel moisture is needed. 
Several investigators have published or proposed adjustment equa­
tions or correction factors to account for difference in moisture con­
tent from one sample to another (Hurburgh, 1985; Hurburgh, 1984; Singh, 
1985). But the adjustment equations or correction factors proposed by 
them were derived from the single relationship between breakage suscep­
tibility values and sample moisture content obtained with a single corn 
variety or single conditioning treatment. An integrated approach is, 
therefore, necessary to incorporate all possible factors known to have 
any effect on the breakage susceptibility of corn in order to come up 
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with a universal moisture adjustment equation so that any testing de­
vice such as Wisconsin Breakage Tester can provide rapid evaluation of 
breakage susceptibility in marketing channels. 
This study was undertaken to quantify effects of factors which in­
fluence breakage susceptibility values of corn as measured by a breakage 
tester and to suggest a universal moisture correction equation in order 
to facilitate use of such testers in grain market channels. 
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OBJECTIVES 
The objectives of this study were: 
(a) To quantify the effects of harvest moisture, drying methods, and 
grain moisture on the breakage susceptibility values of shelled 
corn. 
(b) To establish an empirical relationship between breakage sus­
ceptibility values as obtained by a breakage tester and grain mois­
ture, based on corn variety, moisture content during harvest, and 
drying methods. 
(c) To establish a universal moisture adjustment equation to predict 
changes in the breakage susceptibility values of shelled corn re­
sulting from changes in grain moisture. 
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REVIEW OF LITERATURE 
Importance of Physical Damage to Corn 
Advances in mechanization of production and handling have resulted 
in a significant increase in physical damage to corn. The equipment 
used in harvesting, handling, storing and processing are primarily re­
sponsible for this increase in physical damage (Singh and Finner, 1983). 
The presence of physically damaged kernels results in lower grain 
quality, lower market value and increased processing, handling, and 
storage problems. 
Corn quality as expressed by U.S. grades is determined by factors 
such as test weight, moisture, broken corn and foreign materials, and 
damaged kernels. Out of all these factors, broken corn and foreign ma­
terial (BCFM) is the single most important factor in downgrading the 
quality of corn in export markets (Paulsen and Hill, 1977). Since broken 
corn is the end result of physically damaged corn, breakage suscepti­
bility becomes an important quality factor especially for grains traded 
in international markets. 
Anderson (1975) stressed the importance of reducing physical damage 
in export corn. Shelled corn that was artificially dried to 15% moisture 
3 
typically had 38.6 to 64.4 kg/m (3 to 5 Ib/bu) lower test weight than 
naturally dried corn. The lower density corn reduced elevating capacity 
by 3 to 6% and increased storage and transportation cost, where volume 
rather than weight was limited. Other problems cited were increased risk 
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of dust explosion and difficulty in aerating corn with high BCFM per­
cent. At foreign destinations, U.S. corn often brings a lower price 
than Argentine corn, largely for reasons that are related to the greater 
susceptibility to breakage of U.S. corn (Anderson, 1975; Reagan, 1981). 
In 1970, the estimated minimum cost of physical damage was about 3<: per 
bushel for U.S. no. 2 corn exported to Europe (Anderson, 1975). 
Even after the broken corn is removed, physically damaged corn has 
less value for wet or dry milling or even for feed manufacturing than 
undamaged corn. In feed manufacturing, physical damage can lead to 
loss of control of particle size. Physically damaged corn has a higher 
storage cost because of increased susceptibility to mold damage (Ander­
son, 1975). 
Definition and Characterization of Physical Damage 
During normal harvesting and handling operations, corn kernels are 
subjected to impact and abrasive forces. Most physical damage during 
the actual operations occur due to random impacts (Keller et al., 1972; 
Foster, 1975). 
Physical damage is often defined in a negative sense, as being 
the damage that is not from biological causes (Foster, 1975). Physical 
damage includes three main categories: (1) damage associated with 
harvesting; (2) damage associated with drying; and (3) damage from 
handling. Physical damage, especially.that caused by harvesting and 
handling, is often referred to as mechanical damage (Foster, 1975). 
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Another way of characterizing physical damage is in terms of its 
effects. Almost exclusively, physical damage to grain results in break­
age and is manifested in terms of fine and broken material. Therefore, 
susceptibility to breakage can be used as a quality parameter to indi­
cate the extent of physical damage. Agness (1968) reported that break­
age tests using a Stein breakage tester or other similar devices could 
be used to evaluate the extent of physical damage inflicted during har­
vesting, handling and drying. However, he added that correction factors 
to account for varying grain moisture contents were needed before this 
technique could provide rapid evaluations of physical damage. 
Corn Breakage Susceptibility 
Definition 
The American Society of Cereal Chemists defines corn breakage sus­
ceptibility as the potential for kernel fragmentation or breakage of a 
load or batch of corn subjected to impact forces when transported me­
chanically (AACC, 1983). This definition implies that breakage suscep­
tibility is a measure of brittleness in corn. 
Some definitions for corn breakage susceptibility are related to 
mechanical strength properties of corn which in essence is a negative 
measurement of breakage susceptibility as defined by AACC. Bilanski 
(1966) defined breakage susceptibility as the damage resistance of grain 
to impact forces. Mensah et al. (1980) terms breakage susceptibility 
as a measure of shear strength or impact fracture resistance of kernels 
during impact. Other definitions include resistance to mechanical damage 
.w(-
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(Mitchell and Rounthwaite, 1964), kernel hardness (Loesch et al., 1977), 
specific rate of breakage (Jindal et al., 1979). Gunasekaran and Paul­
sen (1985) defined breakage susceptibility as the ability of the kernels 
to safely withstand various stresses during conditioning, handling, and 
transportation. Overall, breakage susceptibility measures the brittle-
ness in corn. 
Importance of measurement of breakage susceptibility 
Since broken corn along with foreign materials (BCFM) is a grading 
factor in the U.S. grain standard, any increase in BCFM reduces the 
quality of corn. Because grain is handled an estimated 20 to 40 times 
from harvest to consumption (Hall, 1974), the final amount of broken corn 
and foreign materials may exceed 7%, which classifies corn as sample 
grade (Miller et al., 1981a). At present, official grade of corn lot 
has no relationship to its susceptibility to breakage. As a result, corn 
lots which differ widely in breakage susceptibility are being graded as 
no. 2 corn while corn lots with similar breakage susceptibility are be­
ing graded no. 1 to 4 (Miller et al., 1981a). The use of a corn breakage 
susceptibility test can enable producers and elevator managers to esti­
mate the expected increase in BCFM caused by a particular set of handling 
operations. This would aid in identifying corn lots that require re­
duced drop resistance, less handling or specialized end uses (Paulsen 
and Hill, 1983). 
The quality of U.S. corn often deteriorates during handling after it 
is graded. Most of the corn exported from the U.S. is sold on grades 
.wf, , 
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established before the corn leaves the U.S. (Anderson, 1975). When the 
quality received by the buyer is worse than stated by the grade, the 
confidence in the stated grade is reduced. Inclusion of susceptibili­
ty to breakage to indicate the extent of physical damage to corn would 
be more important in sales based on U.S. grades than in sales based on 
destination grades (Anderson, 1975). 
Because quality is most difficult to maintain for export corn and 
because exporting higher quality corn would lower transportation cost 
per unit value, changes which would reduce susceptibility to breakage 
and which would otherwise improve quality could be of great value es­
pecially for export corn (Anderson, 1975). 
Breakage Susceptibility and Related 
Physical Damage 
Since physical damage is cumulative as the grain moves through 
harvesting, drying, conveying and transport operations, the study of 
factors responsible for physical damage at each stage of these opera­
tions and their relation to breakage susceptibility is of special in­
terest. 
Harvest damage 
The damage from harvesting is almost all physical damage, and 
most of the damage is caused by the shelling action of the field sheller 
(Foster, 1975). During the shelling operation, kernels are subjected 
to repeated impacts, which can cause stress cracks and breakage (Brooker, 
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et al., 1974). Several investigations have been directed toward iden­
tifying the factors that contribute to kernel damage during harvesting 
and to find techniques for reducing the damage. Waelti and Buchele 
(1969) attempted to find a correlation between shelling damage and 
physical and morphological properties of kernels and cobs. The most 
important conclusion of this study was that kernel damage was positive­
ly related to kernel moisture and the relationship is logarithmic in 
the moisture range of about 15% to 38%^ (Figure 1). About 65% of the 
variations in sheller damage among varieties was accounted for by dif­
ference in moisture content. Kernel damage was defined as the per­
centage by weight of all kernels having breaks, cracks, or other injuries 
in their seed coat. In addition, they also reported that with a decrease 
in kernel moisture, kernel strength and stress increased. That explains 
the increase in kernel damage with increased kernel moisture. From this 
study, the important properties influencing physical damage during har­
vesting were kernel detachment force, kernel strength, initial and final 
kernel deformation and cob strength. These factors were found to vary 
from one genotype to another. 
Chowdhury and Buchele (1978) reported that most of the physical 
damage to the kernels during harvesting are inflicted in the shelling 
crescent (between the cylinder and the concave). Hall and Johnson 
(1970) reported that the shelling damage with an axial flow sheller 
was less than that obtained from the conventional combine cylinder. 
Paulsen and Nave (1980) compared corn damage levels between conventional 
^Unless otherwise noted, all moisture levels are % wet basis. 
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KERNEL MOISTURE, * 
Figure 1. General relationship of kernel damage and moisture content 
(Waelti and Buchele, 1969) 
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and rotary combines. They did not find any significant difference in 
damage level between these two combine types. Pierce and Hanna (1985) 
reported that 40% of the total breakage susceptibility as measured by 
a Stein CK-2 tester can be attributed to the harvesting operations with 
another 40% to drying process. The four auger operations Involved in 
their study were responsible for less than 10% of the total breakage 
susceptibility. However, most of the BCFM showed up during conveying, 
after the corn had dried, confirming the validity of measurement of 
breakage susceptibility after the drying of grain. 
To summarize, the three important contributing factors in physical 
damage to corn during harvest are: (1) the moisture content at which 
the corn is harvested, (2) machine type and method of operation and (3) 
the type of corn or hybrid variety grain. 
Damage associated with artificial drying 
Two types of damage are attributed to artificial drying, but only 
one type results in physical damage to corn. Brlttleness caused by 
rapid drying is the most prevalent damage in artificially dried grain. 
The other type of drying damage, overheating, contributes to brlttle­
ness of dried grain. It is characterized by discoloration of dried 
grain and by certain chemical changes in the protein, which make starch 
and gluten separation difficult in wet milling (Foster, 1975). 
Stress cracking Increased brlttleness in artificially dried 
corn is manifested in stress cracks, or checking of the kernels (Foster, 
1975). Stress cracks are fine fissures in the endosperm. Stress cracks 
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were observed to originate at the floury endosperm and propagate radial­
ly outward along the boundary of starch granules (Gunasekaran et al., 
1985). The most common problem associated with stress cracking is in­
creased breakage susceptibility of the kernels. As the percent of stress 
cracks in the corn increases, the susceptibility to breakage also in­
creases (Gunasekaran and Paulsen, 1985). The relationships between mul­
tiple stress cracks and breakage susceptibility as measured by the Wis­
consin Breakage Tester (WBT) and the Stein CK-2M Breakage Testers are 
shown in Figures 2(a) and 2(b). Higher breakage susceptibility values 
for FRB27XVa22 corn can be attributed, among other factors, to the 
higher amount of multiple stress cracks induced during drying. The 
drying air temperature and drying rate appears to have a direct relation­
ship in inducing stress cracks and thereby in kernel breakage suscep­
tibility (Thompson and Foster, 1963). Dry millers expect a lower yield 
of the more valuable large grits in corn dried with a high percentage 
of stress cracks. During wet milling, kernels with stress cracks and 
subsequent broken kernels steep more rapidly and lose part of their 
starch in the steep water before the sound kernels steep adequately 
(Gunasekaran et al., 1985). Also, the protein in the endosperm of se­
verely stress-cracked kernels, due to high kernel temperature during 
drying, is case-hardened which makes separation of protein and starch 
more difficult (Freeman, 1972). Thus, highly stress cracked corn will 
be likely to yield less recoverable starch than sound kernels. 
Factors affecting stress cracking in artificial drying Stress 
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Figure 2. Breakage susceptibility of corn as a function of multiple 
stress cracks present in the sample (Gunasekaran and 
Paulsen, 1985) 
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cracks are generally associated with rapid drying of corn with high 
temperature drying air followed by rapid cooling. Thompson and Foster 
(1963) found that drying at temperatures between 60°C and 115*C in­
duced stress cracks in kernel endosperm causing two- or three-fold 
increase in breakage susceptibility compared to unheated air. Smit 
and DeBeer (1970) reported that an increase in either drying air tem­
perature or drying rate caused an increase in the number of stress 
cracks. The final percentage of stress cracked kernels increased from 
22 to 80% when the drying rate was increased from 2 to 4 percentage 
points of moisture removed per hour. The level of damage to shelled 
corn during transport in a screw conveyor increases for high tempera­
ture dried corn (Sands and Hall, 1971). Stephens and Foster (1976) 
showed that corn which was dried with air at high temperature had higher 
handling breakage and higher breakage susceptibility values as measured 
by a CK-2 Stein breakage tester. Hamdy et al. (1977), using specific 
breakage rate as an indication of breakage susceptibility to mechanical 
damage, reported that the specific breakage rate increased with higher 
drying temperature regardless of the harvesting methods used. 
The susceptibility of hand-shelled corn to mechanical damage was 
found to approach that of the machine-harvested and machine-shelled 
corn at higher drying temperatures. This implies that the susceptibili­
ty to mechanical damage produced by stress cracks during drying at high 
temperature is more important than those produced by mechanical damage 
during harvesting and shelling. Mensah et al. (1981), using shear re-
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slstance of corn kernels in impact as the parameter for mechanical 
strength of kernels, reported that mechanical strength of the corn de­
creased significantly as drying temperature was increased from 60°C to 
93°C. Shove and White (1977) reported that low temperature dried corn 
from 12 on-farm bins averaged 7% stress crack kernels and 1.4% in break­
age susceptibility value measured by a Stein CK-2 Breakage Tester, 
while high temperature dried corn (38°C to 93°C) averaged 70% stress 
cracked kernels and 6.9% in breakage susceptibility value. Gunasekaran 
and Paulsen (1985) studied the breakage resistance of two corn genotypes 
as a function of drying air temperature and drying rates. They reported 
that percentage stress cracks increased from 6 to 99% in one genotype 
and from 3 to 73% in the other when temperature was increased from 20°C 
to 65°C. 
The breakage susceptibility values as measured by both Wisconsin 
Breakage Testers (WBT) and Stein CK-2M Testers were found to increase al­
most linearly with increased drying air temperature and drying rates 
(Table 1). For the variety FRBXMol7, the breakage susceptibility value 
as measured by the Wisconsin Breakage Tester, increased by 0.16 per­
centage point for every "C rise in drying temperature. For the variety 
FRB27xVa22, the increase was 0.15 percentage point per °C rise in drying 
temperature. The breakage susceptibility values (measured by IfBT) were 
found to increase by 1.96 percentage points for every unit increase in 
drying rate expressed as percentage points of moisture removed per 
hour in the case of variety FRBxMol7, and for variety FRB27xVa22, 
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Table 1. Breakage susceptibility values obtained as a function o.f dry­
ing air temperature and drying rates (Gunasekaran and Paul­
sen, 1985) 
Breakage susceptibility % 
Drying Genotype; FRB27 x Mol7 Genotype; FRB27 x Va22 
air Drying Drying 
temperature rate . rate ~ 
"C kg/h/kgxlO~ WBT Stein kg/h/kgxio" WET Stein 
20 3.38 4.92 2.54 5.02 9.47 2.14 
35 10.41 6.18 4.36 12.20 12.90 11.10 
50 18.91 10.65 12.19 29.92 13.81 20.41 
65 37.02 11.28 14.19 60.79 16.45 28.25 
the increase was 1.07 percentage points per unit rise in drying rate. 
Apart from stress cracks, the stresses and strains caused by temper­
ature changes during drying affect the mechanical strength of corn ker­
nels and their susceptibility to breakage during subsequent handling 
operations (Srivastava et al., 1974). 
Breakage susceptibility reduction in high temperature drying 
Dyeration, a process that involves high temperature drying with 
delayed cooling at lower air flows, was first introduced by Foster (1964). 
McKenzie et al., 1967 (cited in Gustafson et al., 1978), showed that 
the dryeration process reduced the percentage of stress cracks compared 
to conventional high temperature drying and cooling. A reduction of as 
much as 75% in the number of cracked kernels may be possible by resorting 
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to slow cooling after high air temperature drying compared to rapid 
cooling (Smit and DeBeer, 1970). White and Ross (1972) also reported 
that slow cooling after drying resulted in a dramatic reduction in num­
ber of checked kernels. 
Combination drying of corn, with final moisture content after high 
temperature phase at or above 18%, could be used to reduce the breakage 
susceptibility of corn as compared to conventional high temperature dry­
ing (Gustafson et al., 1978). They reported that the product of heat-
time and change in moisture content was the best predictor of an increase 
in susceptibility to breakage during high temperature drying. 
Gustafson et al. (1982) showed how short-term tempering of corn 
with no airflow prior to cooling could reduce the breakage susceptibili­
ty of corn dried in a high temperature dryer (Figures 3 and 4). Their 
results suggest that breakage susceptibility is most strongly affected 
by tempering time and final moisture content. Although the effect of 
final moisture content is large with no tempering, it reduces somewhat 
as tempering time increases (Figure 3). Approximately 6.8% decrease in 
breakage susceptibility occurs in the first 15 minutes of tempering. 
They came up with the following regression model which adequately de­
scribed the data for Figure 3: 
In(BRK) = 4.957 - 0.1286*FMC - 0.04138*TTI 
+ 0.000436*(TTI**2) (1) 
where BRK = breakage susceptibility %, as measured 
by a Stein CK-2M Tester 
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FMC = final moisture content, % 
TTI = tempering time, min 
When comparing dryer configuration, in relation to reduction in breakage 
susceptibility by tempering, they found that the rack type dryer had the 
least effect from tempering (Figure 4). 
To summarize, the physical damage associated with drying is largely 
in the form of stress cracks which contribute to an increase in breakage 
susceptibility. In general, high drying air temperature and high air 
flow, the factors which determine the drying rate, are responsible for 
inducing stress cracks. The dryeration process, with slow cooling and 
tempering, reduces the percentage stress cracks in high temperature air-
dried corn and as a result breakage susceptibility is reduced. 
Handling damage 
Grain may be handled as many as 20 to 40 times from its origin to 
final destinations. The various handling operations may include free 
fall and conveying equipment such as screw conveyors, vertical bucket 
elevators, drop spouts and grain throwers (Hall, 1974). Depending on 
kernel brittleness, moisture content, temperature, shear forces in con­
veying, and velocity at impact in gravity drops and air conveying, each 
handling can contribute to a progressive increase in BCFM (McKenzie, 
1985). 
Much of the damage in handling corn is related to harvesting and 
drying procedures at the farm and elevator. Field shelling of wet corn 
followed by high temperature air (82-115.5"C) drying and rapid cooling, 
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results in the development of stress cracks and kernel brittleness. The 
resulting product can often be characterized as fragile and subject to 
easy breaking apart during handling (McKenzie, 1985). 
Every handling or transfer of grain involves some combination of 
a horizontal transfer, a lift and/or a drop. A horizontal transfer and/or 
a lift involves some form of mechanical conveyor or elevator and these, in 
turn, subject the grain to shear, abrasion and impact forces. "Augers 
damage the grain," is the judgment often expressed by farmers and eleva­
tor operators (McKenzie, 1985). 
Foster and Holman (1973) investigated the cause and extent of physi­
cal damage to various grains by different commercial handling methods. 
The handling tests included dropping the grain in free fall and through 
spouts, elevating it with a bucket elevator and handling it with a grain 
thrower. The major conclusions of this study were: (1) corn incurred 
more breakage than wheat; (2) dropping grain from heights greater than 
12.2 m caused more breakage than any other handling methods; and (3) 
breakage was greater at low temperatures and moistures. The other re­
sults of this study showed that breakage due to repeated handling was 
cumulative and the increase in breakage remained relatively constant for 
consecutive handlings regardless of whether broken material was removed 
or not. This suggests that the susceptibility of corn to breakage also 
remains relatively constant over consecutive handling. 
Stephens and Foster (1976) handled corn repeatedly in the same bucket 
elevator and gravity spout and found that actual breakage could be cor­
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related with the breakage susceptibility values as measured by a Stein 
CK-2 Tester. Herum and Hamdy (1981) determined actual corn breakage 
due to eight handlings through a 23 m high bucket elevator, spouts, and 
bins for 4 batches of corn. Breakage generated per pass was compared to 
breakage susceptibility tests. This study found that the breakage 
susceptibility values as measured by a centrifugal impacter and Stein 
CK-2M Tester, as well as BCFM generated per pass, remained constant. 
But they did not find a correlation between the actual BCFM generated 
and the breakage susceptibility value. 
The damage to grain from pneumatic conveying was studied by Chung 
et al. (1973) and Magee et al. (1983). The damage was found to increase 
as the conveying air velocity was increased. Magee et al. (1983) showed 
that grain damage at a normal feed rate and uncompressed air velocity of 
20 m/s in the brittle corn was twice the grain damage in nonbrittle 
corn. Chung et al. (1973) found that damage was more pronounced in 12% 
moisture corn compared to 20% moisture corn, when subjected to high con­
veying velocity. 
Sands and Hall (1971) studied handling damage of corn in a screw con­
veyor. From this study, they reported that the level of damage is higher 
for high temperature air dried corn and for higher conveyor speed. Damage 
was much more in the corn with 13% moisture content compared to the corn 
at 22% moisture content. They also reported that damage was increased 
considerably when the conveyor was run at one-fourth capacity. 
Grain damage in bucket elevators was reported by Fiscus et al. (1971) 
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and Foster and Holman (1973). The major conclusions derived were: (1) 
belt speed had no apparent effect on breakage; (2) half-filled buckets 
increased breakage by 0.2% over the full buckets; and (3) feeding the 
elevator on the front or up-leg side caused an average of 0.3% more break­
age than feeding on the down-leg side. 
To summarize, the damage associated with handling of corn appears 
to be caused principally by impact. Dropping grain from greater heights 
will cause more damage than any other conveying method. There is also 
more damage in corn handled at lower moisture content and lower tempera­
ture. Not running a conveyor to its full capacity may contribute to 
damage. It is also evident that brittleness of corn caused by previous 
harvesting and drying operations contributes to the resulting breakage. 
Damage Evaluation 
Numerous damage definitions and measuring techniques are available 
in published literature (Waelti and Buchele, 1967; Agness, 1968; Chowd-
hury and Buchele, 1976b; Chowdhury and Buchele, 1978; Mohsenin, 1980). 
The method of classification and evaluation of grain damage due to impact 
forces depends upon the objective of the researchers. Several investi­
gators took into account the occurrence of some specific type of damage 
resulting from applied loadings (Bilanski, 1966; Keller et al., 1972; 
Chowdhury and Buchele, 1976a; Bartsch et al., 1979; Paulsen and Nave, 
1980). The samples taken after impact treatments are visually separated 
as undamaged and damaged kernels and placed into two or more classes 
depending upon type and level of damage. 
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Radiographie techniques have also been used for detecting internal 
damage of grain (Chung and Converse, 1970; Thompson and Foster, 1963). 
Christenbury and Buchele (1977) used a photoelectric system for measur­
ing mechanical damage to corn, after applying a reacting solution to a 
sample of grain. The reacting solution formed fluorescing bonds with the 
exposed protein of the damaged kernel. After grinding and drying the 
corn, the induced fluorescence was measured by exposing the sample to 
ultraviolet lights and then correlated to mechanical damage. Chowdhury 
and Buchele (1976b) advocated use of a colorimetric technique for evalu­
ating grain damage. This technique is based primarily on determining 
the amount of surface area of the kernel that is damaged. When a dye 
is applied to the sample, the starch molecules of damaged tissues and 
cells absorb it. The amount of dye absorbed by the damaged surface is 
recovered by use of a solvent. The concentration of dye in the solvent 
as determined by using a colorimeter or spectrophotometer is used to 
determine level of kernel damage. 
Some researchers have employed sieve analysis (sieving the sample 
in a 4.76-mm screen) techniques to establish the level of damage (Thomp­
son and Foster, 1963; McGinty, 1970; Miller et al., 1981a,b). This 
method is widely used because it is the method presently used to de­
termine broken corn and foreign material (BCFM) in U.S. grain grading 
system. 
Grain breakage testers 
Several impact testing devices have been developed for simulating 
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the modes of loading encountered in normal handling operations. Several 
investigators have employed pendulum-type apparatus for detecting damage 
resistance of grains (Zoerb and Hall, 1960; Bilanskl, 1966; Srivastava 
et al., 1976; Mensah et al., 1981). Most of these testers employed so­
phisticated instrumentation and elaborate testing methods which resulted 
in their unsuitability for use in market channels. Other proposed test­
ing devices consisted of a rotating impact surface to provide high ve­
locity impact to grain with controlled or uncontrolled grain orienta­
tion (Bilanski, 1966; Mitchell and Rounthwaite, 1964; Burkhardt and Stout, 
1971; Bartsch et al., 1979). 
McGinty (1970) evaluated several breakage testers and concluded 
that the Stein breakage tester or similar type of machine would predict 
the 'breakage tendency' of the grain. A comparison of 2, 10, 20 and 30 
minutes breakage tests indicated that the 2-minute test was an adequate 
length of time to measure the breakage tendency of grain. The Stein 
CK-2M is the only unit commercially available and was specified in the 
American Association of Cereal Chemists Method 55-20 for determining 
corn breakage susceptibility (AACC, 1983). The Stein tester inflicts 
combination of small impactions and abrasions on a sample by use of a 
rotating blade for 2 minutes inside a stainless steel cup. 
Some studies have shown that the breakage results measured with the 
Stein tester were highly correlated with actual breakage obtained from 
grain handling facilities (Stephens and Foster, 1976; Miller et al., 
1981a,b). Herum and Hamdy (1981) observed poor correlation between ac-
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tuai breakage obtained from a feed elevator and breakage susceptibility 
values measured by three breakage testers (Stein C-2M, Modified Stein 
and centrifugal impacter). The poor correlation was mainly due to vari­
ability in both instruments and actual measurements. 
Other devices utilizing a direct impact for measuring breakage sus­
ceptibility have also been developed. One of these devices is a grain 
accelerator developed by Miller et al. (1979b). This machine uses two 
rubber covered rollers to accelerate and impact corn kernels onto a 
stationary layer of corn at velocities ranging from 19.5 to 42.5 m/s. 
The breakage susceptibility measured by this device was reported to be 
highly correlated with the values obtained by a Stein CK-2 tester. 
Centrifugal impacter Since actual corn breakage is reported by 
Foster and Holman (1973) to be exponentially proportional to kernel ve­
locity at the moment of impact, it is likely that all breakage suscepti­
bility testing devices that accelerate kernels to known velocities 
should correlate with actual handling breakage (Paulsen and Hill, 1983). 
A centrifugal impacter impinges grain kernels onto a cylindrical surface 
at a predetermined peripheral velocity of the impeller. The resulting 
breakage, when sieved through a 4.76-min screen, determines the breakage 
characteristics of the grain. 
Cooke and Dickens (1971) presented a detailed mathematical analy­
sis of a rotating tube which was used to impart desired impact veloci­
ties to seeds. They demonstrated the possible use of this type of device 
for breakage testing of grains. A series of centrifugal testers have 
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since been developed by many researchers. Sharda and Herum (1977) de­
veloped a centrifugal tester which propels grains by the centrifugal 
action of the high speed rotating impeller against a cylindrical sur­
face covered with a 5 mesh screen. This tester employed a combination 
of sieve analysis and visual inspection for determining level of 
breakage. Thus, the breakage data measured with this tester can be sub­
ject to human error (Singh and Finner, 1983). However, the centrifugal 
tester (impacter) exhibited a greater sensitivity in damage susceptibility 
of corn than did the Stein tester. The damage susceptibility value 
measured by this centrifugal impacter was also found to be well-correlated 
with the impact pendulum value for shear stress. 
The centrifugal impacter developed by Singh (1980) employed a spe­
cially designed impeller for accelerating corn kernels toward a smooth 
cylindrical impact surface. This tester was later known as Wisconsin 
Breakage Tester. In this tester, kernels were introduced into the center 
of the rotating impeller (1800 r/min) by a feed cup metering mechanism at 
the rate of 600 g/min (Paulsen, 1983). The kernels were then centrifugal-
ly propelled through the channels formed within the impeller against the 
inside surface of a vertical cylinder. 
The Illinois centrifugal impacter used the same principle of opera­
tion as that of Wisconsin Breakage Tester (WBT). The difference between 
the two testers was that the Illinois impacter used a slightly smaller 
diameter Impeller and had high impeller rotational speed (2200 r/min) and 
the feed rate provided by a vibratory feeder was approximately 100 g/min 
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(Paulsen et al., 1981). Paulsen (1983) compared the performances of 
two Wisconsin Testers, an Illinois Tester, and a Stein CK-2M Tester. He 
did not find any differences in the performances between the centrifugal 
impacters, except that the Wisconsin Tester had higher feed rate than the 
Illinois Lmpacter and, therefore, took shorter time in breakage suscep­
tibility evaluation. The Stein Tester failed to adequately distinguish 
the breakage susceptibility between high quality corn lots that were 
naturally dried. He also found a lower coefficient of variation (CV) in 
measurements by centrifugal impacters compared to the Stein tester. 
The coefficient of variation for the Wisconsin Testers was lowest when 
the breakage susceptibility was evaluated by using a 6.35-mm screen. 
The machine-to-machine variability in measurements between the two Wis­
consin Testers was found to be not significant. 
Singh and Finner (1983) compared the performances of the Wisconsin 
Tester and the Stein Tester. They also found that the Wisconsin Tester 
showed consistently lower values of coefficient of variation than the 
Stein Tester in all the comparisons made. The overall coefficient of 
variation for the Stein Tester was 2.4 times greater than the values 
shown by the centrifugal impacter. They concluded that the centrifugal 
impacter is an accurate device for predicting damage susceptibility of 
corn. 
Many investigators proposed that a 6.35-mm screen be used in place 
of 4.76-mm screen to reduce the coefficient of variation in measurements 
by centrifugal impacters as well as to provide a better measure of break­
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age (Herum and Blaisdell, 1981; Paulsen, 1983; Paulsen and Hill, 1983). 
But since BCFM is presently measured using the 4.76-mm screen in the U.S. 
grading system, use of a screen larger than 4.76 mm would be question­
able. 
A collaborative research program was initiated by the NC-151 com­
mittee to evaluate the preference of Wisconsin Breakage Tester against 
other testers (Paulsen, 1983). In this research program, the Wisconsin 
tester produced breakage results with the lowest coefficients of varia­
bility as compared with all other testing devices used for corn breakage 
susceptibility evaluation (Singh, 1985). Therefore, this impacter was 
used for accurate and reliable prediction of corn breakage susceptibility 
in this investigation. 
Factors Affecting Corn Breakage Susceptibility 
as Measured by Breakage Testers 
Grain moisture 
The relationship between grain moisture content and breakage sus­
ceptibility values as measured by breakage testers was the subject of 
many investigators (Herum and Blaisdell, 1981; Paulsen, 1983; Hurburgh, 
1984, 1985; Singh, 1985). They have shown that corn breakage suscepti­
bility is very sensitive to grain moisture in the 10-18% range. Herum 
and Blaisdell (1981) reported a considerable increase of breakage sus­
ceptibility value as grain moisture was decreased from 14% to 12%. 
Paulsen (1983), working with a single variety of corn, showed that for 
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centrifugal impacters like Wisconsin or Illinois Breakage Testers, the 
relationship between the breakage susceptibility values and grain mois­
tures follow an exponentially decaying equation of the form Y = Ae 
where M (grain moisture) was between 8 to 21% (Figure 5). This rela­
tionship was true for both the screen sizes he used for breakage evalua­
tion. For the Stein tester, he found the relationship to follow a qua-
2 dratic equation of the form Y = a - bM + cM (Figure 6). 
Hurburgh (1984,1985) also suggested that the equation of the form 
""CM 
Y = Ae best describes the relationship between corn breakage suscep­
tibility values as measured by a Wisconsin Breakage Tester and grain mois­
ture. 
Singh (1985) reported that both the exponential and quadratic equa­
tions were adequate to describe the relationship between breakage sus­
ceptibility as measured by a Wisconsin Breakage Tester and grain moisture. 
However, he found the quadratic model to be a better representation of 
his data obtained from the two varieties of dent corn and one variety of 
flint corn he studied. 
Moisture adjustment equations Since breakage susceptibility 
as measured by a Wisconsin Breakage Tester is greatly influenced by 
grain moisture, the breakage susceptibility of different grain lots 
having different moisture levels must be evaluated at a common moisture. 
For this, moisture correction factors or adjustment equations are neces­
sary in order to incoporate breakage susceptibility as a grading factor 
in the marketing channels. Generally, such an adjustment equation can 
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be derived if the relationship of breakage susceptibility and grain 
moisture is known. For instance, Paulsen (1983) suggested the follow­
ing equation: 
BRK SUS = 171.3 (2) 
to best describe the relationship between breakage susceptibility of 
shelled corn as measured by a Wisconsin Breakage Tester using a 4.76-mm 
screen and grain moisture (Figure 5). Therefore, if the as-is grain 
moisture is Mo and the as-is,breakage susceptibility is BSo, equation 
(2) can be written as 
BSo = 171.3 ( 3 )  
If this breakage susceptibility value is to be adjusted to another level 
of moisture, say Mf, then equation (2) becomes 
BSf = 171.3 (4) 
where BSf = breakage susceptibility measured at Mf% moisture content 
From equations (3) and (4), 
BSf ^ 171.3 _ .29(Mo-Mf) 
BSo 1,, „ -0.29MO ~ ® 
X/X • J 6 
or BSf = BSo e'29(Mo-Mf) (5) 
Equation (5) can be rewritten as 
BSf = BSo(1.34)^°"^^ (6) 
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Equation (6) can be used as a breakage susceptibility adjustment 
equation for any change in grain moisture levels, provided equation (2) 
holds good for any variety of corn and any drying methods employed. 
Further, it also must be assumed that the functional relationship be­
tween the breakage susceptibility values and grain moisture as described 
in equation (2) remains the same irrespective of whether the grain is to 
be dried down or rewetted from as-is moisture (Mo) to arrive at the final 
moisture (Mf). 
Hurburgh (1984) proposed the following moisture adjustment equation 
to adjust breakage values as measured by a Wisconsin Breakage Tester: 
BSf = BSo(1.40)^°~^^ (7) 
Equation (7) indicates a 40% change in breakage susceptibility value 
per one percentage point change^ in moisture content and is valid for 
moisture ranging from 10% to 18%. 
For soybeans, the adjustment equation suggested by Hurburgh (1985) 
was 
BSf = BSo(1.22)M°-Mf (8) 
Equation (8) is valid for the moisture range between 7.7% and 17.1%. 
From equations (6) and (7), one could observe that the percentage change 
in breakage susceptibility value for each percentage point in moisture 
is almost doubled in corn compared to soybeans. 
^Percentage point change is a unit change of a number that is ex­
pressed in %. 
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Singh (1985) hypothesized that though the breakage susceptibility 
is a nonlinear function of grain moisture, for small moisture increments 
the curve can be assumed to be piece-wise linear, and, therefore, the 
slope of the curve for each selected range could be determined by the 
relation 
K = (Bg - B^)/(M2 - M^) (9) 
where K = slope of breakage curve for a moisture range of 
to Mg% 
and B^ = breakage susceptibility values corresponding 
to kernel moisture of and respectively 
The moisture correction factor for the adjusted breakage suscepti­
bility was 
MCB = ±K AM 
where MCB = moisture correction factor for breakage 
AM = change in kernel moisture from observed moisture 
(Mf - Mo) 
The correction factor is to be added to or subtracted from the observed 
breakage depending upon whether the observed moisture (Mo) is greater 
than or less than the desired moisture (Mf). From a practical point of 
view, a correction factor like this one would not be useable because 
a family of K values has to be established, depending on observed grain 
moisture and observed breakage susceptibility values, in order to use 
this type of correction factor. 
Harvest moisture Equations (6), (7), and (8) do not describe 
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the relationship between breakage susceptibility and harvest moisture 
content. These equations express change in breakage susceptibility as 
a function of change in moisture, for a given sample. Little work has 
been done to correlate harvest moisture to the ultimate breakage sus­
ceptibility values when the grain is dried, except to determine that 
increased harvest moisture adds to the damage during field harvesting 
and artificial drying operation and, thereby, increases breakage sus­
ceptibility. 
Pierce and Hanna (1985) reported that breakage susceptibility as 
measured by a CK-2 Stein Tester was found to be 65% higher for the corn 
harvested at 24% moisture than that harvested at 19% moisture. However, 
they added that the difference in breakage susceptibility was primarily 
due to damage which occurred during drying. 
Grain temperature 
The effect of grain temperature on breakage susceptibility was in­
vestigated by Herum and Blalsdell (1981). They found that for grain 
temperature between 4°C and 38°C, the breakage susceptibility as measured 
by a centrifugal impacter decreased by about 0.35 to 0.5 percentage 
points per °C increase in corn temperature. Miller et al. (1979a) re­
ported that breakage susceptibility of breakage-prone corn as measured 
by a CK-2 Stein Tester decreased by 0.23 percentage points per °C in­
crease in corn kernel temperature over the range of 0 to 40°C. But the 
breakage susceptibility of sound corn decreased by only 0.06 percentage 
point per °C increase in grain temperature. 
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Corn genotypes 
The difference in breakage susceptibility among different genotypes 
were investigated by many researchers (Gunasekaran and Paulsen, 1985; 
Paulsen et al., 1983; Stroshine et al., 1982; Mensah et al., 1981). 
Gunasekaran and Paulsen (1985) using a Wisconsin Breakage Tester and 
a Stein CK-2M Tester demonstrated the difference of breakage susceptibili­
ty values between the two genotypes of corn (FRB27x Mol7 and FRB27 x Va22). 
The difference in kernel strength between the two varieties was also evi­
dent in results from the quasistatic compressive tests done with an In-
stron Testing Machine. 
Paulsen et al. (1983) reported, based on four crop years data, that 
breakage susceptibility as measured by a centrifugal impacter varies 
significantly among the widely grown Corn-Belt genotypes. They also re­
ported that genotypes with FR4A x FR4C as a female parent were usually 
low in breakage susceptibility. 
Stroshine et al. (1982) evaluated 13 corn inbreds or hybrids for 
storability, milling quality, drying rate, and breakage susceptibility. 
They found the inbred B73 and hybrid B73 x Mol7 to be relatively high 
in breakage susceptibility and relatively low in milling quality. How­
ever, these genotypes rated high in storability and fast in dry down 
rate. No single genotype was rated high in all categories. Mensah et 
al. (1981) showed that the shear resistance of corn kernels to impact 
damage differs from one genotype to another. Using a shear press, 
Loesch et al. (1977) found significant differences in shearing forces 
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from genetic effects between normal and mutant endosperm kernels and 
among endosperm types. 
Singh (1985) studied the breakage susceptibility of flint and yel­
low dent corn. The results showed that yellow dent corn is more sus­
ceptible to breakage than Argentine flint corn. 
Breakage Susceptibility of Blended Corn 
Nguyen et al. (1984) studied the breakage susceptibility of blended 
corn using a CK-2M Stein Tester. The major conclusion of this study was 
that breakage susceptibility of blends of wet and dry corn increased 
with a decrease in moisture content of the dry portion and this increase 
in breakage susceptibility was more evident for a high moisture blend 
than a lower moisture blend. The breakage susceptibility values of 
blends of 24.4% moisture corn with dry corn at 8, 9, and 11% moisture 
to 15.5% (theoretical) moisture were found to be 9.43%, 8.10% and 6.8%, 
respectively (Figure 7(a)). Whereas, a blend to 20% theoretical moisture 
gave the breakage susceptibility values of 13.53%, 9.27% and 7.67% with 
the dry corn at 8, 9 and 11% moisture, respectively (Figure 7(b)). 
Miller et al. (1981a) reported that for corn, the breakage suscep­
tibility of a mixture of corn can be estimated from the proportions and 
breakage susceptibility of the components of the mixture, by using a 
linear relationship. In the same way, the breakage susceptibility of a 
mixture of sound and breakage-prone soybeans can be estimated from the 
proportion of the mixture and breakage susceptibilities of components 
of the mixture (Miller et al., 1981b). 
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Breakage Susceptibility Related to 
Physical Properties of Grain 
The basic physical properties of grains such as shape, size, volume, 
density and color, etc. are utilized in designing machines or machine 
systems and in analyzing their behavior in actual situations. Shape and 
size of a body are known to influence stress distribution patterns in the 
material under the action of applied forces or systems of forces. There­
fore, it is generally believed that shape and size of grain might affect 
its susceptibility to breakage during loading. 
Kernel size 
Bllanski (1966) studied damage resistance of grain using compres­
sive as well as Impact modes of loading. He found that the two larger 
grains (corn and soybeans) required greater amounts of work to cause 
breakage than the smaller grains (wheat, barley, and oats). While study­
ing the fracture resistance of soybeans to compressive loading, Paulsen 
(1978) found that smaller soybeans typically had higher levels of tough­
ness than larger ones. 
Miller et al. (1981a) reported that large kernels (350 g/1000 ker­
nels) tended to break more easily than those of medium or small size in 
Stein breakage tests. Jindal et al. (1979) reported that corn breakage 
in a hammer mill follows a first order relationship with time. The slope 
of this curve, when plotted in semi-logarithmic coordinates, was defined 
as specific breakage rate. The specific breakage, used as a measure of 
kernel resistance to breakage, decreased with decreasing kernel size. 
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Kernel density 
Little work has been done to relate bulk density (test weight) 
or kernel density to breakage resistance of grains. Hall (1972) and Paul­
sen (1983) reported that the relationship between test weight and grain 
moisture in the range of 10% to 24% follow a quadratic equation of the 
form 
TO = A + B(M) - C(M^) 
3 
where TW = test weight, Ib/bu or kg/m 
M = moisture content, % 
The relationship between the breakage susceptibility as measured by 
breakage testers and grain moisture in the range of 10% to 18% can also 
be expressed by a quadratic equation of the form 
BS = - B^(M) + C^(M^) (Paulsen, 1983; Singh, 1985) 
where BS = breakage susceptibility, % 
M = moisture content, % 
So, it is possible that test weight and breakage susceptibility are 
negatively correlated. 
Hurburgh (1985) reported a negative correlation between breakage 
susceptibility as measured by a Wisconsin breakage tester and test weight 
for soybean seeds. He concluded that because of this negative associa­
tion, denser kernels were generally more fracture resistant. 
Singh (1985) found that the relationship between the breakage sus-
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ceptibility as measured by Wisconsin Breakage Tester and kernel true 
density for corn follow an exponential relationship of the form 
B = Ae (Figure 8) 
where B = breakage susceptibility, % 
3 Kd = kernel density, kg/m 
This equation appears to best describe the breakage susceptibility data 
obtained by the Wisconsin Breakage Tester. However, he found very poor 
correlation between the breakage values as measured by the Stein tester 
and kernel density (Figure 8). 
Breakage Susceptibility Related to 
Mechanical Properties of Corn Kernels 
Mechanical properties of a material are those which describe be­
havior of the material under the action of applied loadings. The ba­
sic mechanical properties are compressive strength, elasticity, re­
silience, toughness and shear strength. Mechanical properties are 
significant in understanding the response of a material to external 
forces such as those imposed by mechanical handling (Mohsenin and Goh-
lich, 1962). 
Mechanical properties relating to grain moisture 
Some attempts have been made to determine mechanical properties of 
corn kernels (Zoerb and Hall, 1960; Shelef and Mohsenin, 1969). Zoerb 
and Hall (1960) determined basic mechanical properties of several grains 
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Figure 3. Effect of true density of corn kernels on damage 
resistance (Singh, 1985) 
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including compressive strength, modulii of elasticity, maximum compres­
sive strength, and shear stress. Also evaluated during compressive 
tests were the modulus of resilience (defined as the energy required to 
deform kernels of corn to their yield points) and the modulus of tough­
ness (defined as the energy required to deform a kernel to its maximum 
compressive force). For corn, values of the modulus of resilience were 
0.00136 and 0.00339J (0.12 and 0.30 Ib-in) per kernel for edge and flat 
positions, respectively. The compressive strength, modulus of elastici­
ty, maximum compressive stress and shear stress were found to decrease 
as grain moisture was increased. 
Shelef and Mohsenin (1969) determined the effect of moisture on me­
chanical properties of the horny and floury sections of a yellow dent 
corn. The kernels were loaded either by a cylindrical indenter, paral­
lel plate or a spherical indenter. The parameters determined were: 
(1) the linear limit load; (2) apparent modulus of elasticity; and (3) 
modulus of deformability. Each of these parameters decreased with an 
increase in kernel moisture. Results of this investigation revealed 
that the major contributor to mechanical strength properties of corn was 
the horny endosperm. The results on floury endosperm showed compara­
tively lower values of the three parameters measured. 
Bilanski (1966) conducted a study to determine the energies and 
forces required to initiate fracture, in grains including corn, using 
three loading conditions of gradually applied load, low velocity impact 
and high velocity impact. For kernels tested with germ side down, the 
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energy to initiate fracture ranged from 0.023 to 0.068J (0.2 to 0.6 
Ib-in) for moisture contents ranging from 1% to 17%. For kernels on 
edge and same range of moisture contents, the energy required varied 
from 0.0023 to 0.0046J (0.02 to 0.04 Ib-in). The energy required to 
initiate fracture increased with increasing moisture. 
Mechanical strength of frozen corn 
The effect of freezing cycles on mechanical strength of corn kernels 
had been studied by some researchers (Srivastava et al., 1974; Jindal 
et al., 1978). Srivastava et al. (1974) conducted quasi-static com­
pressive tests of intact kernels to measure the effects of having held 
the samples at -27°C (-17°F). Although differences existed between the 
three corn varieties tested, freezing caused no appreciable change in 
kernel strength. One practical application from their conclusion is 
that the samples could be stored frozen prior to breakage susceptibili­
ty tests. Jindal et al. (1978) studied the effects of repeated freezing-
thawing cycles on the mechanical strength of corn kernels. Although 
the repeated freezing-thawing cycles were found to statistically influence 
the kernel strength, the net effect was too small to be of practical con­
cern. 
Impact shear resistance of corn kernel 
A few researchers have studied corn breakage using devices in which 
kernels were either sheared or ruptured. The energy required to rupture 
yellow dent corn kernels was measured by Zoerb and Hall (1960) by means 
of a simple pendulum. They reported that rupture energy increased as the 
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moisture content of the kernels increased over the range of 15 to 24%, 
dry basis. This observation has been substantiated by subsequent in­
vestigators using similar impacting devices (Bilanski, 1966; Keller et 
al., 1972; Srivastava et al., 1976). 
To characterize the resistance of corn kernels to impact damage, 
other measures of resistance to mechanical fracture have been evaluated. 
To date, however, no single parameter has been clearly identified to be 
most suitable for quantifying the impact strength of kernels. In addi­
tion to the energy absorbed by the kernels, Srivastava et al. (1976) 
measured the maximum resistive force exerted by the kernels, and the 
impulse imported to them during shear by impact. They found that, 
generally, all these three measured quantities increased as moisture 
content increased. 
Mensah et al. (1981) studied the shear resistance of corn kernels 
due to impact. The shear resistance of corn kernels to impact was quan­
tified by three different parameters, (a) the energy absorbed per unit 
shear area as a single kernel undergoes complete fracture by shear im­
pact, (b) the maximum resistive force exerted by the kernel during im­
pact and (c) the impulse imparted to each kernel over the duration of 
impact. They derived mathematical relationships for the above three 
quantities from the dynamic analysis of a compound pendulum which was 
used to shear the corn kernels. All the three measured quantities were 
found to increase with increases in kernel moisture over the range of 12 
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to 15%. The other conclusions from this study were: (1) corn dried 
with lower temperature air had a greater resistance to impact damage 
than corn dried with higher temperature air, and (2) significant dif­
ference existed among the three genotypes studied in regards to corn 
kernel resistance to shear from impact. 
Mechanical strength of grain kernels and their relation to breakage 
resistance 
The most meaningful measurement of mechanical properties of a ma­
terial is its stress-strain or force deformation relationship. Paulsen 
(1978) determined fracture resistance of intact soybeans in terms of 
compressive force, deformation and toughness of seed coat rupture. The 
results of the quasi-static compression tests were related to breakage 
due to free fall impact of soybeans. 
Singh (1985) studied the mechanical properties of corn kernels in 
relation to their breakage susceptibility. He found that kernel mois­
ture had a marked influence on its mechanical strength. The observed 
stress-strain relationship of a dent corn kernel for different grain 
moisture levels is shown in Figure 9. From this figure, it can be ob­
served that the rate of increase in stress with strain is much faster 
at lower levels of moisture. The modulus of elasticity, a parameter for 
measuring mechanical strength, was found to decrease with increase in 
moisture content over the range of 7% to 33% (Figure 10). The modulus 
of elasticity of flint corn was found to be greater compared to dent 
corn of the same kernel moisture level. The increase in modulus of 
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Figure 9. Stress-strain characteristics of dent corn 
kernels at six levels of moisture (Singh, 1985) 
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Figure 10. Modulus of elasticity of dent corn hybrids H^-j^CGG Ci^) 
and Hi2(Bs13(S2)Ci) and Argentine flint corn hybrid 
as a function of moisture content (Singh, 1985) 
53 
elasticity of corn with diminishing moisture content might appear to be 
contradictory as far as breakage susceptibility of corn is concerned, 
but Balastreire et al. (1982) did provide the possible explanation for 
this. They stated that the increases in susceptibility to breakage in 
handling with diminishing moisture content were due to increasing modulll 
of elasticity resulting in greater stresses due to given impact forces 
or strains. 
Singh (1985) also found that modulus of resilience and modulus of 
toughness both decrease with Increases in grain moisture. All three 
quantities, modulus of elasticity, modulus of toughness and modulus of 
resilience, were found to be negatively correlated with corn breakage 
susceptibility as measured by a Wisconsin Breakage Tester. 
To summarize, mechanical strength properties like modulll of elas­
ticity, toughness and resilience as well as compressive strength all 
decrease as the grain moisture increases. The mechanical strength 
properties are negatively correlated with breakage susceptibility. Re­
sistance to shear may be used as a measure of brittleness in corn ker­
nels. 
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THE THEORY OF THE CENTRIFUGAL IMPACTER: 
IMPACT VELOCITY OF A CORN PARTICLE 
A centrifugal impacter like the Wisconsin Breakage Tester employs a 
specially designed impeller disc for accelerating corn kernels towards 
a smooth cylindrical impact surface. The kernels are introduced into 
the center of the rotating impeller at a controlled rate by means of a 
metering device and are thrown through one of the vanes (channels) formed 
within the impeller disc. 
A mathematical analysis for the motion of a particle fed to the 
center of the rotating impeller (disc) fitted with radial vanes can be 
made using classical theory of mechanics. Mathematical analysis for 
some other centrifugal devices are also available in published litera­
ture (Patterson and Reece, 1962; Cooke and Dickens, 1971). Cooke and 
Dickens (1971) presented a detailed mathematical analysis for a centrifu­
gal gun (rotating tube) used for impaction testing of seeds. Patterson 
and Reece (1962) provided a detailed mathematical analysis for motion 
of a particle fed into the near center of a centrifugal fertilizer dis­
tributor. The theoretical analysis for the impact velocity of a corn 
particle in a centrifugal impacter was made based on the similar 
analysis as presented by Patterson and Reece (1962) for a fertilizer 
distributor. 
Forms of motion 
Depending upon shape of the particle, two main forms of motion 
are possible; (1) sliding with or without friction, (2) sliding and 
55 
rolling. For corn kernels, it will be appropriate to assume the motion 
as sliding with friction and for soybeans, the motion may be assumed to 
be a combination of sliding and rolling. However, for the purpose of 
this report, only sliding with friction, which would apply to corn ker­
nels, is considered. 
Assumptions 
For this analysis, the following assumptions are made: 
(a) Air resistance has negligible effect on the motion of 
the particle in the impeller, that is, drag force is 
neglected. This is a valid assumption considering the 
fact that the air adjacent to the particle will be driven 
by the vanes (channels) and, therefore, the relative mo­
tion between the particle and the driven air will be 
very small. 
(b) The corn particle is fed onto the impeller and vanes 
without impact. That is, bouncing will not, therefore, 
occur. 
(c) The particle will not roll while moving through the 
vanes, that is, only sliding with friction would be 
considered. 
Consider a corn particle of mass m in contact with a vane at a point 
distance r from the center of the impeller (Figure 11). Assume, that the 
radius of the impeller disc is R and it is rotating at a speed of to ra­
dians/ s . The absolute velocity of the particle at this point will be 
^ radially and tor tangentially, since the particle has a sliding veloci­
ty along the vane as well as the tangential velocity imparted by the 
vanes due to the impeller's rotation. Due to the impeller's rotation (to), 
2 the particle at this point will have an acceleration to r acting away from 
the center of rotation of the disc. Perpendicular to the vane, by vir­
tue of its radial velocity, it will have a Coriolis acceleration of 
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Figure 11. A corn particle at a point distance 
the center of the rotating impeller 
trifugal impacter 
r from 
of a cen-
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2w — and to give it this acceleration, the vane will have to exert a 
force of m(2w on the particle. This reaction between the vane and 
particle will cause a frictional force of 2mw ^  (where is the 
friction coefficient between the particle and vane), to be set up oppos­
ing the sliding of the particle. An additional frictional force acting 
in the same direction will also be set up arising from the force be­
tween the particle and the disc due to the particle's weight (mg). This 
frictional force will have the value Mj.mg, where is the friction co­
efficient between the impeller disc and the particle. For practical 
reasons, it is assumed that = Pj» since the disc and the impeller 
are constructed of the same material. 
The free body diagram of the forces acting on the particle is shown 
in Figure 12. 
If ZF is the vector sum of forces acting on the particle at this 
point, then 
EF = ZF + EF + ZF ' (1) X y z 
where, EF^^ EF^, EF^ are the sum of the forces acting along x, y, and z 
axes. Using Newton's second law of motion, equation (1) can be written 
as 
mr = mx + my + mz (2) 
where 
2 
r = —J = absolute acceleration of the particle at the point dis-
dt tance r from center 
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Figure 12. Free body diagram of forces acting on the corn 
particle 
X ,  y, z  =  X ,  y, z  components of the acceleration of the particle. 
Since the motion of the particle is in x direction only, ZF^ = 0, 
ZF = 0. 
z  
Therefore, equation (2) reduces to 
mr = mx 
or mf = mw r - 2ymajf - pmg (from Figure 12) 
or if = (jj r - 2ycjr - ug (3) 
where 
r = ^  = absolute velocity of the particle relative to vane at a 
point distance r from center 
The solution of the differential equation (3) yields 
r(t) . + C.e-wtt. 
w 
(4) 
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where 
r(t) = position of the particle from the center of the disc at time 
t 
K = + 1 - y 
L = /y2 + 1 + y 
C^, Cg = constants 
From (4), 
r(t) = C^wKe^KC _ c^wLe'^ Lt (5) 
and r(t) = + Cgufl^e'^LC (6) 
where 
r(t) = radial velocity of the particle at time, t 
and r(t) = acceleration of the particle at time, t 
The constants and can be determined from the fact, that at t = 0, 
r(0) = 0 (if the particle is center fed), and, therefore, f(0) = 0. So 
taking these two boundary conditions, and can be determined from 
equations (4) and (5). But it may be seen from equation (4) that if 
r , then e^^^ + C_ becomes zero or is negative and, therefore, 
w 
the acceleration of the particle is zero or negative. This means that 
if the particle is fed onto the disc at a distance of ^  or less from 
0) 
the center, it will not leave the disc, since the frictional force which 
is developed is sufficient to prevent any outward radial acceleration. 
Therefore, for the particle to leave the disc, it must be fed on at an 
off-center distance, x, where x > . 
w 
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For corn moisture between 12% and 16%, the friction coefficient be­
tween corn and steel (the construction material of the impacter) ranges 
from 0.25 to 0.50 (Brooker et al., 1974). The impeller rotational speed 
of a Wisconsin tester is 1800 r/min (Paulsen, 1983) and, therefore, the 
2 
angular speed of the impeller, w = 188.5 rad/sec. Taking g = 9.81 m/sec , 
the value of ^  will range from 6.9 x 10 ^ m to 1.4 x loT^ m for y = 
w 
0.25 and y = .50, respectively. So the corn particle is to be fed at 
a very small off-center distance, x, where x must be greater than 1.4 
-4 10 m, measured from the center of the impeller. 
Therefore, taking initial conditions r(0) = x and r(0) =0, at t = 
0 and using equations (4) and (5) and solving for and would yield. 
1 (& + 1) 
(X - 4%) 
and C„ = ^ 
2 (# + 1) 
So, equation (4) and (5) become 
(c) - ^  + A(| (7) 
0) 
and r(t) = AwL(e^^*' - e ) (8) 
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where 
+ 1) 
The length of time, T, which the particle is on the disc may be 
obtained by substituting R, the impeller disc radius, for r(t) in equa­
tion (T) and solving for t. Substituting this value of T in equation (8) 
will give the radial velocity of the particle leaving the disc. At the 
point where the particle leaves the periphery of the disc, the absolute 
velocity of the particle, V, will have a radial component U and a tangen­
tial component toR (Figure 13), where 
U = R = r(T) = radial velocity at time, T 
Figure 13. Absolute velocity (V) of the corn particle leaving 
the disc with its radial (U) and tangential (wR) 
components 
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Therefore, the absolute velocity of the particle leaving the disc 
is 
V = /)2r2 ^  ^2 (9) 
Equation (9) can be further simplified in the following manner: 
We know that the term ^  from equation (4) can be termed as the 
0) 
critical position or distance of the particle from the center of the 
disc, below which the centrifugal force is less than the friction force 
and if this critical distance is called r (= •^), then equation (7) can 
be rewritten as 
r(t) - r^ = A(| e^Kt + (10) 
Rearranging, 
r(t) - r 
c = L gWKt _ g-wLt (11) 
A K 
(x -
We know A = —-—— has a very small value. For instance, for y = 0.50, 
(%+l) 
^ = 1.4 X 10~^ m (where w = 188.5 rad/s for the impeller speed of 
1800 rpm). Therefore, taking x = 2 x 10 m (because x has to be slight­
ly greater than ^ ), and calculating for A, we get A = 4.3 x 10 which 
(0 
is a very small value. The smaller the value of A is, the larger will 
be the t value in equation (11). The larger the t value is, e will 
be very small compared to ^  e^^^. Therefore, e"^^^ can be neglected. 
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Hence, equation (10) reduces to 
r(t) - = A(| (12) 
at t = T (that is the length of time which the particle is on the disc), 
r(T) = R = disc radius. Therefore, equation (12) becomes 
R - r^ = A(| e^^^) (13) 
r = -^ is very small compared to R and, therefore, is neglected. Equa-
tion (13) now stands as 
R = A(| eWKT) (14) 
or A e^^^ = R(^) (15) 
The equation at (8), if we neglect the term e reduces to 
f(t) = AwL(e^^^) (16) 
at t = T, r(T) = R, which is the radial velocity of the particle at the 
periphery of the impeller: Rewriting equation (16) 
R = AwL(eWKT) (17) 
(joKT K 
Replacing A e by R(-jj) from equation (15), equation (17) now becomes 
R = wKR 
Replacing R by wKR in equation (9), the absolute velocity of the particle 
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(V) on leaving the disc can be expressed as 
V = + (WKR)2 = COR/I + (18) 
Assuming the distance between the periphery of the disc and inside wall 
(d, in Figure 11) is too small to cause any change in particle velocity 
from the moment it leaves the disc, to the time of its impact against the 
cylinder wall, then we could say that the equation (18) will determine 
the particle velocity at the time of impact. 
Therefore, the impact velocity of a corn particle fed into a cen­
trifugal impacter is expressed by 
where 
V = impact velocity, m/s 
0) = angular velocity, rad/s 
R = impeller disc radius, m 
K = + 1 - n 
y = friction coefficient between the corn particle and the 
construction material of the impacter 
So, the only physical property of corn which might affect the impact 
velocity is y, the friction coefficient. But this effect is also very 
small. 
For the Wisconsin breakage tester, 
R = 0.127 m (Paulsen, 1983) 
CO = 188.5 rad/s 
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Therefore, for y = .25 and y = .50, the impact velocities (from equa­
tion 19) are 30.35 m/s and 28.14 m/s, respectively. Therefore, when y 
goes up from .25 to .50 (at higher moisture), the change in impact ve­
locity is 7.3%. Cooke and Dickens (1971) also reported a 7% decrease 
in discharge velocity of a seed in the rotating tube they used for im­
pact testing of seeds, when the friction coefficient changed from 0.25 
to 0.50 at higher moisture. 
Because friction coefficient depends on moisture content of grain 
and a change in friction coefficient changes the impact velocity of a 
corn kernel in a centrifugal breakage tester, all breakage susceptibility 
measurements, therefore, should be done at the same moisture level. 
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RESEARCH PROCEDURE AND EXPERIMENTATION 
Statistical Procedure 
Scope of variables 
Data from two crop years (1984 and 1985) were used in this research. 
For the 1984 data, only one corn variety (Pioneer 3720) from four dif­
ferent fields was taken to study its breakage susceptibility. The va­
riety was selected because of its availability. The following variables 
or factors known to influence the corn breakage susceptibility were in­
volved in the 1984 study: 
(1) Harvest moisture: 
Corn moisture content during harvest is known to influence 
physical damage in corn inflicted during field harvesting and dry­
ing operations. The higher the harvest moisture, the greater was 
the damage. Since corn breakage susceptibility depends on its his­
tory of physical damage carried over throughout harvesting and dry­
ing procedure, the corn moisture content during harvest was regarded 
as an important variable affecting the breakage tendency of corn. 
Three levels of harvest moisture were used in this study. The 
three levels were obtained by picking ears at three different 
periods during the harvest season. The harvest moisture effect 
in the measurement of breakage susceptibility was termed as ini­
tial moisture (IM) effect. 
(2) Drying methods: 
Artificial drying is known to be primarily responsible for 
development of stress cracks in corn kernels. Corn kernels with 
multiple stress cracks are very susceptible to breakage. The per­
cent stress cracks increase as drying air temperature and airflow 
(the two factors determining the drying rate) are increased. 
Further, rapid cooling after high temperature drying contributes 
more stress crack formation. On the other hand, corn dried with 
natural air at low airflow is regarded as sound corn and is less 
susceptible to breakage. Therefore, two drying methods were used 
in this study to generate corn samples with two extreme levels of 
breakage susceptibility values on the hypothesis that breakage sus­
ceptibility levels of corn reaching the market place falls within 
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these two extreme limits. Drying methods used were; 
(a) Drying in a layer with room temperature air (20°C) at an air­
flow rate of 0.8-1.6 m^/min/m^ (1-2 cfm/bu) 
(b) Drying in a layer with high temperature air (93.3°C) at an 
airflow rate of 80.3 m^/min/m^ (100 cfm/bu) followed by rapid 
cooling with an airflow rate of 160.6 m^/min/m^ (200 cfm/bu). 
The drying method effect on corn breakage susceptibility was termed 
as drying treatment or simply treatment (TRT) effect. 
(3) Dry down moisture levels: 
The sample moisture content at which breakage susceptibility 
is measured influences its value. The higher the sample moisture 
content, the lower is the breakage susceptibility value. In addi­
tion, final moisture levels to which samples are dried down from 
initial harvest moisture content were also found to influence break­
age susceptibility of corn. Three dry down moisture levels were used 
in this study. The levels chosen were 18, 15, and 12%. The effect 
due to dry down moisture levels was termed as original moisture (MO) 
effect on the breakage susceptibility of corn. 
(4) Conditioning moisture levels: 
After drying, samples were conditioned to one of three differ­
ent moisture levels by exposing samples to air with varying tem­
perature and relative humidity. The conditioning moisture level 
was used as a variable to simulate changes in corn moisture content 
during storage and transportation due to surrounding atmospheric 
condition. Since breakage susceptibility is very much influenced 
by corn sample moisture content, it was proper to investigate such 
changes in breakage susceptibility values resulting from changes 
in its moisture content during storage and transportation. The 
three conditioning levels selected were 12, 14 and 16%. The effect 
of conditioning moisture level on corn breakage susceptibility was 
termed as the final moisture (MF) effect. 
For the 1985 study, one variable was added to the list of variables 
in the 1984 study. The added factor was corn variety. Corn breakage 
susceptibility is known to differ from one variety to another. Four 
corn varieties were selected for this purpose. The varieties chosen 
were: 
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(a) Ames Best SX37 
(b) Pioneer 3780 
(c) Pioneer 3720 
(d) Pioneer 3732 
Selection of the four varieties was based on their availability. 
One of these four varieties. Pioneer 3720, was used in the 1984 study. 
Analysis of data 
Two data sets were generated for each of the years 1984 and 1985. 
One data set pertained to corn breakage susceptibility measured at the 
dry down or original moisture content (MO) and the other data set was 
for the breakage susceptibility measurements made at final moisture 
levels (MF). The general analysis of the two data sets for each year 
was made in the following steps: 
(1) Identify the major variables or factors which have sig­
nificant effects on corn breakage susceptibility values 
through a series of analysis of variance procedures as 
described later in this report. 
(2) Obtain overall means for all variables or combination 
of variables involved in the study. 
(3) Conduct least significant difference tests (Steel and 
Torrie, 1980) on selected means of interest. 
(4) Conduct a multiple regression analysis to determine re­
gression equations that best fit the data in order to 
quantify the effects of initial harvest moisture (IM), 
original moisture (MO), and final moisture (MF) on corn 
breakage susceptibility for each of the two drying proce­
dures and the four varieties involved in this study. 
(5) Conduct a regression analysis to suggest a regression 
equation which could be used for predicting change in 
breakage susceptibility value when the original moisture 
content (MO) of a sample changes to another level (MF). 
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(6) Determine the variability and coefficient of variation 
(the ratio of standard deviation to mean) of the equip­
ment (breakage tester) used to generate the breakage 
susceptibility data. 
Statistical models 
1984 crop Since two data sets were generated for each year, 
two separate statistical models were used to analyze the data sets. For 
the breakage susceptibility data based on original moisture content (MO), 
the following model was used: 
\jkl = U + + g(IM)^j + (TRT)j^ + (MO)^ 
+ (TRT X MO)^^ + Vj^(IM)^j + ct^(IM')^j 
+ GklflMiij + fijkl" 
where, 
Y.... : Breakage susceptibility value for jsample from the 1^^ 
^ field, k*^^ drying method, and l^h original moisture level 
F^ ; Field effects 
3(IM),.: A linear function of harvest moisture for the sample 
^ in the 1*-^ field 
(TRT)j^ : k*-^ drying treatment (methods) effect 
(MO)^ : 1^^ original moisture effect 
(TRT*MO)^^: Different effects due to interaction between k^^ drying 
method and 1*:^ original moisture level. 
V. (IM).,; Different effects of initial harvest moisture for k^h 
drying treatment 
a.(IM)..: Different effects of initial harvest moisture for 1th 
^ original moisture level 
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: Different effects of Initial harvest moisture for 
drying treatment and 1*-^ original moisture combination 
^ijkl ' Experimental error 
For data based on conditioning or final moisture content (MF), 
the following terms in addition to all the terms as mentioned above, were 
added to describe the model. 
(MF)^ : m^^ final moisture effect 
(MOxMF)j^^ : Different effects due to interaction between l^h 
original moisture and m^h final moisture 
(TRTXMF), : Different effects due to interaction between k^b km drying treatment and m'^h final moisture 
p (IM) : Different effects of Initial barest moisture 
^ for k^b drying treatment and m final moisture 
combination 
: Different effects of initial harvest moisture 
for k^b drying treatment and final moisture 
combination 
ij;, (IM) : Different effects of initial harvest moisture for 
™ ^ 1^ original moisture and mth final moisture com­
bination 
(TRT XMO X MF) : Different effects due to interactions among k^^ 
™ drying treatment, 1*" original moisture content 
and mth final moisture content. 
1985 crop For the 1985 data, basically the same models were used 
except for the fact that field effects were replaced by corn variety ef­
fects and a few more effects due to interaction between corn variety and 
other variables were added to each of the models. This is explained in 
the analysis of variance tables described later in this report. 
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Class levels and legends used 
Information on levels of each class variable and legends used in 
the experimental design for this study is summarized in Table 2. Though 
harvest moisture levels from the four fields with either one corn vari­
ety (1984 study) or with four different varieties (1985 study) are shown 
as 3 (Table 2), in fact, three different harvest moisture levels were 
obtained from each of the four fields (making a total of 12 harvest 
moisture levels) in the course of the three field samplings. Therefore, 
in order to facilitate the analysis of variance, average harvest moisture 
of four fields for each of the three samplings was used. But, for the 
purpose of regression analysis, actual harvest moisture levels for each 
field were used. Further, since only the linear effect of harvest mois­
ture was used in the statistical models as described earlier, the legend 
IM(LIN) was used to describe this effect in the analysis of variance. 
BSO and BSF These are the two legends used to distinguish be­
tween the two response variables in this report. The response variables 
were breakage susceptibility values measured at original moisture content 
(MO) and breakage susceptibility values measured at final moisture con­
tent (MF). These were termed as BSO and BSF, respectively. Further, 
since three measurements were made for each of the two response variables, 
their means (BSO mean and BSF mean) were used in the analysis of vari­
ance . 
Legends used for each variety Though the legend 'V was used to 
designate corn variety (Table 2), separate symbols or legends were neces-
Table 2. Levels of each class variable and legends used in the experimental design 
Class 
Legend 
used Levels Description 
Field 
Harvest 
moisture 
Drying 
method 
Original 
moisture 
Final 
moisture 
Corn 
variety 
F 
IM 
4 
3 
TRT 
MO 
MF 
Ears of corn were harvested from four fields. 
This is the % moisture at the time of shelling 
and before drying. The three levels were ob­
tained by harvesting the com at three different 
periods. 
The two drying methods were: (1) slow air room 
temperature drying, (2) rapid drying with high 
temperature air and high airflow followed by 
rapid cooling-
These are moisture levels to which samples were 
dried after harvest. The three levels were 12, 
15, and 18%. 
These are moisture levels obtained after condi­
tioning samples from their original moisture 
content. The levels were 12, 14 and 16%. 
Four different corn varieties were used in the 
1985 study. The four varieties were: (a) Ames 
Best SX37, (b) Pioneer 3780, (c) Pioneer 3720, 
and (d) Pioneer 3732. 
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sary to distinguish the four corn varieties in the data sets. The le­
gends used in this report for the four different corn varieties were: 
(a) V = 1 or VI for Ames Best SX37 
(b) V = 2 or V2 for Pioneer 3780 
(c) V = 3 or V3 for Pioneer 3720 
(d) V = 4 or V4 for Pioneer 3732 
Symbols for the two drying methods The symbols or legends to 
distinguish between the two drying methods were 
(a) TRT = 1 or TRTl for the slow air room temperature drying 
(b) TRT = 2 or TRT2 for the rapid high temperature drying 
and cooling 
Experimental design 
Design of the experiments was based on the statistical models as 
proposed earlier. Experiments were designed to test effects of all 
variables and their interactions on corn breakage susceptibility. 
The experiments were arranged in a split-split-plot design with 
repeated subdivision to accommodate all factors at different levels. 
The whole plot treatments were the three levels of initial harvest mois­
ture (IM), the subplot treatments were the drying methods (TRT) and dry 
down moisture (MO), and the sub-sub-plot treatments were the condition­
ing moisture levels (MF). 
For the 1984 study, the four fields (F) with the same corn variety 
represented blocks or replications of the experiment. For the 1985 study, 
the four fields with four different varieties (V) represented the blocks 
or replications of the experiment. But since different varieties were 
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used, Interaction of varietal effects with other variables were con­
sidered in analyzing the data. 
The nature of the experiments made it necessary to have some treat­
ments arranged in a systematic design rather than a randomized design. 
This systematic design was necessary for the following reasons: 
(1) All three harvestings from the four fields were 
not done in a single day because of different corn 
moisture levels in the fields. The fields with lower 
harvest moisture (under each harvest) were harvested 
earlier than the fields with higher harvest moisture. 
(2) Samples with higher initial harvest moisture levels 
were dried before the others to avoid spoilage. 
Once all the field samples were dried down, complete randomization was 
restored for the rest of the experiments. 
The split-split-plot arrangements led to the analysis of variance 
procedures as described in Table 3 through Table 6. The analysis of 
variance procedures for both response variables in the 1984 study are 
represented in Tables 3 and 4. For the 1985 study, these are shown in 
Tables 5 and 6. 
Sample Collection 
1984 study 
Corn samples for the 1984 study were collected from four different 
fields at the Agronomy-Agricultural Engineering Research Center located 
west of Ames, lA, in the fall of 1984. The sampling plan for each field 
is shown in Figure 14. Five different sites (20 rowsx20 rows) were 
randomly selected for each of the four fields and the average corn 
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Table 3. Analysis of variance procedure for the split-plot design to 
analyze BSO mean (1984 data) 
Source d.f. 
Mean 
square 
Significance 
test 
F 
IM(LIN) 
3 
1 
^1,7 
Error (a) 7 MS 
a 
MO 2 F 2,50 
TRT 1 F 1,50 
MO XTRT 2 F 2,50 
IM(LIN) X MO 2 F 2,50 
IM(LIN) X TRT 1 
^1,50 
IM(LIN) X MO X TRT 2 
^2,50 
Error (b) 50 MSb 
Total 71 
moisture content was monitored by a DICKEY-john hand-held moisture meter 
before the sample collection program began. For each of the fields, the 
first collection was started as soon as average corn moisture was found 
to be within the range of 28 to 30%. The second collection was carried 
out ten days after the first collection and the third was done a week 
after the second. All three samplings were completed within three weeks. 
Collection procedure Fifty ears of corn (Pioneer 3720) were 
randomly picked by hand from each of the five sites selected within a 
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Table 4. Analysis of variance procedure for the spllt-spllt-plot design 
to analyze BSF mean (1984 data) 
Mean Significance 
Source d.f. square test 
F 3 
IMCLIN) 1 
^1,7 
Error (a) 7 MS 
a 
MO 2 
^2,50 
TRT 1 
^1,50 
MO X TRT 2 
^2,50 
IM(LIN) X MO 2 F 2,50 
IM(LIN) XTRT 1 
•^1,50 
IM(LIN) X MO X TRT 2 
^2,50 
Error (b) 40 MS^ . b 
MF 2 
^2,124 
MF X MO 4 
^4,124 
IM(LIN) xMF 2 
^2,124 
MF X TRT 2 
^2,124 
IM(LIN) X MF X TRT 2 
^2,124 
IM(LIN) X MF X MO 4 
^4,124 
MF X MO X TRT 4 
^4,124 
Error ( c )  124 MS 
n 
Total 215 
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Table 5. Analysis of variance procedure for the split-plot design to 
analyze BSO mean (1985 data) 
Mean Significance 
Source d.f. square test 
V 3 
IM(LIN) 1 
^1,4 
V XIM(LIN) 3 
^3,4 . 
Error (a) 4 MS 
a 
MO 2 
^2,35 
TRT 1 
*1,35 
V X MO 6 
*6,35 
V xTRT 3 
*3,35 
MO X TRT 2 F 2,35 
IM(LIN) X MO 2 F 2,35 
IM(LIN) XTRT 1 
*1,35 
V X MO X TRT 1 
*6,35 
IM(LIN) X MO XTRT 2 
*2,35 
Error (b) 35 MS, D 
Total 71 
field. In total, 250 ears were collected from each field for each of 
the three samplings. The 250 ears from each field were then put, 50 per 
bag, into five polyethylene bags. The bags were then labeled and sealed 
and then taken to the Grain Quality Laboratory, Room 4, Dairy Industries 
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Table 6. Analysis of variance procedure for the spllt-aplit-plot design 
to analyze BSF mean (1985 data) 
Mean Significance 
Source d.f. square test 
V 3 
IM(LIN) 1 ^ 
VXIM(LIN) 3 ^ 
Error (a) 4 MS^ 
MO 2 F, 
TRT 1 Fi,35 
V xMO 6 Fg 
V X TRT 3 F^ 35 
MO X TRT 2 Fg 2^ 
IM(LIN) X MO 2 Fg 25 
IM(LIN) X TRT 1 F^ 25 
V X MO X TRT 6 Fg ^5 
IM(LIN) X MOx TRT 2 ^2 35 
Error (b) 35 MS^ 
® 2 Fz.ioo 
MO><MF 4 Pt.ioo 
'x" 6 ^6,100 
TRT><MF 2 F2.IOO 
mClIN) XM? 2 ^2,100 
IM(LIS) XTRIXMF 2 
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Table 6. continued 
Source d.f. 
Mean 
square 
Significance 
test 
MO X TRT X MF 4 
^4,100 
IM(LIN) X MO X MF 4 
*4,100 
V X TRT X MF 6 
^6,100 
V X MO X MF 12 
*12,100 
Error (c). 100 MS 
c 
Total 215 
Building and stored at 2°C. The ears were shelled and dried within 21 
days. The same procedure was followed for all three samplings. 
1985 study 
The sample collection procedure for the 1985 study was the same as 
followed in the previous year, except that the sampling sites selected 
within each field were larger in area (30 rows x 30 rows) and the sample 
volume was larger than the year before. In 1985, 80 ears of corn were 
picked from each of the five sites within a field. Thus, in total, 400 
ears were hand-picked from each field for each of the three samplings. 
The first sampling was done during the third week of September, 1985 and 
the third was completed by the end of the second week of October. All 
samples were collected at the Agronomy-Agricultural Engineering Research 
Farm. 
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Figure 14. Field sampling plan 
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Test Equipment 
The following equipment was used in this study. 
Corn sheller 
An improvised electric motor-driven single-ear sheller was used 
to shell the corn ears. Its shelling capacity was about 100 kg/h. 
Carter dockage tester 
The shelled corn was cleaned using a Carter Dockage Tester. A 
single 6.36-mm round hole sieve was used for this purpose. This dockage 
tester was also used to remove broken corn and foreign materials after 
the samples were dried. 
Grain driers 
Separate driers were used for each of the two drying methods. 
Slow room-air driers Two different driers were used for 
this drying treatment in the two years. For the 1984 samples, a food 
dehydrator (Magic Aire II) with four trays was used (Figure 15). The 
food dehydrator was calibrated for airflow measurement with a manometer. 
Airflow was regulated by a variable transformer. The electric heater 
in the dehydrator was not used. The top three trays were used for dry­
ing the samples. The empty bottom tray improved airflow uniformity for 
the trays above. 
Three barrel driers as shown in Figure 16 were used for the 1985 
samples. A perforated drier floor was located about 30.5 cm (12 in) 
above the barrel bottom. The airflow was provided by a universal vacuum 
MaGicaiEEii 
Figure 15. Drier used for room temperature air drying (1984 com) 
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Figure 16. Drier used for drying corn samples by 
(1) slow room temperature air (1985 corn) and 
(2) high temperature air (1984 and 1985 com) 
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motor fan and the airflow rate was regulated by a variable transformer. 
Pressure drop across calibrated perforated steel plate installed in the 
air duct was measured for airflow regulation. The desired airflow was 
obtained by adjusting the transformer for a required reading on the 
pressure gage. 
High temperature air driers Barrel driers were also used for 
high-temperature drying both the years. Either drying trays (1984) or 
a drying box (1985) were placed on top of the barrel to hold the samples 
for drying. Two 1-kW electric cone heaters in the plenum chamber were 
used to heat the drying air. The heaters were controlled by a variable 
transformer. For the 1985 study, because of higher volume airflow, an 
extra heater had to be added to attain the desired temperature. This 
heater was placed in the air duct and was not controlled. Airflow was 
regulated as mentioned earlier. The drier setup for the 1984 study is 
shown in Figure 16. 
Wisconsin Breakage Tester 
A Wisconsin Breakage Tester was used for all breakage susceptibili­
ty tests of corn samples (Figure 17). The tester was manufactured by the 
Cargill Research Laboratory at Minneapolis, Minnesota. It has a 254-mra 
diameter impeller which centrifugally propels kernels against the inside 
surface of a vertical cylinder of 305 mm inside diameter. The tester is 
powered by a 115 volt 1800 r/min synchronous motor. At 1800 r/min, the 
peripheral impeller speed was 23.9 m/s. Samples were fed into the tester 
through a feedcup metering mechanism at a rate of about 600 g/min. An 
' ,3i 
R 
%#rAv0g^ 
Figure 17. Wisconsin Breakage Tester 
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enclosed sample cup collected the sample after it was run through the 
tester. 
Sieve shaker 
A Strand Sizer Shaker (distributed by Seedburo Equipment Company) 
was used to sieve samples collected from the Wisconsin Breakage Tester 
for measurement of breakage percentage. A 4.76-mm round hole sieve was 
used in the shaker. The sieving cycles were controlled by a timer. 
Boerner Divider 
This equipment was used to divide samples into representative sub-
samples whenever necessary. 
Balances 
The following balances were used during the experiments: 
(a) A 125-lb capacity Toledo platform balance (model 1800) 
was used to weigh wet samples before and during the 
drying process. 
(b) A Mettler balance model PC 180 was used for oven dish 
weighing. This balance is capable of weighing to the 
nearest mg. 
(c) The Mettler balance model 1800, which reads to the nearest 
hundredth of a gram, was used to weigh samples during con­
ditioning treatments. 
(d) The Seedburo model 8800 Computer Grain Scale was used to 
weigh samples before and after the breakage test. This 
balance was also used in determination of test weight of 
the samples. 
Environmental chamber 
A Lab Line Environmental Chamber was used to condition grain samples 
from a lower moisture content to a higher moisture content (rewetting). 
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The temperature inside the chamber was maintained at 20°C. Relative 
humidity was changed as necessary. Humidity range inside the chamber 
was maintained between 80 to 90%, depending on the desired final mois­
ture of the conditioned samples. 
Moisture meter 
A DICKEY-john GAG II moisture meter was used to measure moisture 
of the dried and conditioned samples before breakage testing. This 
meter was also used periodically to check moisture content of the samples 
during the drying and conditioning treatments. 
Food blender 
Three food blenders (Sears) were used to grind wet corn samples for 
measurements of harvest moisture. 
Air oven 
A forced-air convection unit manufactured by Precision Scientific 
Corporation was used for determination of moisture contents of ground 
samples. Oven temperature was maintained at 130°C. 
Ro-tap sieve shaker 
This shaker (manufactured by Tyler Co.) was used for particle size 
determination of ground corn samples by sieve analysis. 
Magic Mill III+ Home Flour Mill 
This flour mill was used to grind samples to fine flour for the 
purpose of particle size determination by the Ro-tap shaker. 
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Experimental Procedure 
The experimental procedures for the 1984 and 1985 studies are shown 
in Figures 18 and 19. The flow charts illustrate the experimental pro­
cedure adopted for a single sample as collected from a single field for 
one harvest sampling. The same procedure was followed for all other 
samples obtained through three harvest samplings. 
Sample handling procedure 
For the 1984 study, the following sample handling procedure was 
followed. 
Shelling and cleaning The original sample of 250 ears stored 
in the cold storage were brought out and shelled in the corn sheller 
while they were still cold. The idea of shelling them cold was adopted 
because it was found that the sheller shells cold high moisture ears 
much better and with less damage compared to shelling at room tempera­
ture. After shelling, the sample (about 25,000 g) was cleaned in a 
Carter dockage tester using a 6.35-mm round hole sieve. 
Sample collection for measurement of harvest moisture Since 
harvest moisture was determined after the ears were shelled, three peli­
can samples each weighing about 100 g were collected from the dockage 
tester as the original shelled corn sample was undergoing cleaning. This 
sample (300 g) was kept in a sealed polyethylene bag and allowed to come 
to room temperature before determination of harvest moisture. 
Samples for the drying treatments Cleaned shelled corn was then 
mixed thoroughly and divided into two equal parts (by weight) which were 
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kept in separate buckets. After allowing them to come to room tempera­
ture, wet corn from each bucket was divided into three parts (by weight) 
and each part was then put in its own sealed polyethylene bag. Bags 
were marked randomly for the drying treatments to be followed and for 
final moisture levels (MO). In this study, six samples were obtained 
for the two drying treatments and three dry down moisture levels. 
Drying All drying was done in batches. In the case of 
samples in the heated air drying treatment, drying of all three samples 
was accomplished within a day. But for samples in the room temperature 
air drying treatment, drying to dry down moisture levels took from 20 
to 28 hours. This necessitated keeping samples in cold storage and in 
sealed bags until drying. The drying procedure is discussed later in 
this section. After drying, samples were run through the Carter Dockage 
tester (6.35-mm screen) to remove broken corn and fines. Foreign ma­
terials were removed by hand. 
Sample preparation for conditioning treatment Three separate 
samples with three different dry down moisture levels (MO) under each 
drying treatment were obtained after drying. Each of these samples was 
again subdivided into four equal parts using a Boerner divider. Out of 
the four subsamples, three were used for conditioning treatments and the 
other was used for measuring breakage susceptibility value (BSO) at the 
sample's dry down moisture level (MO). The sample designated for the 
measurement of BSO was then put in a sealed polyethylene bag with an 
identification tag in cold storage until the breakage evaluation was made. 
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The other throe samples were exposed to the conditioning treatment 
immediately after the samples were obtained. However, for the samples 
with a dry down moisture (MO) of 12%, only two out of the four sub-
samples were used for conditioning treatments. The other two were 
marked for measurement of breakage susceptibility value (BSO) at the 
same dry down moisture level (12%) and breakage susceptibility value 
(BSF) at the final moisture (MF) level of 12%, respectively, and were 
placed in cold storage in sealed bags until the breakage test was made. 
Sample handling during conditioning Samples which needed 
drying to get down to the final conditioned moisture level (MF) were 
allowed to dry by simply exposing them to room air conditions. Each 
sample was distributed in three wire mesh trays and kept in the labora­
tory room until the desired final moisture was reached. For samples, 
which needed rewetting to come up to the final moisture level (MF), con­
ditioning was accomplished in the environmental chamber by adjusting 
relative humidity inside the chamber. All samples were weighed period­
ically and checked for moisture content by a DICKEY-john GAC II moisture 
meter, until the final moisture was reached. Samples with the conditioned 
final moisture were then placed in sealed polyethylene bags with an iden­
tification tag in cold storage until the breakage evaluation was made. 
Sample handling during breakage test The samples either at 
dry down moisture levels (MO) and/or at conditioned moisture levels (MF) 
were taken from cold storage in a random manner for breakage susceptibili­
ty evaluation. The samples were allowed to come to room temperature 
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before the breakage test. Since grain temperature was found to affect 
breakage susceptibility, all breakage susceptibility evaluation was done 
at room temperature. For the breakage susceptibility evaluation, the 
samples were first sieved by hand using a 6.35-mm screen to remove 
broken corn and fines. Large brokens and any foreign materials present 
were then removed by hand. Since three measurements for each of the 
samples were made, cleaned samples (with whole kernels only) were di­
vided into three 250-g parts. Each part was then run through the mois­
ture meter (DICKEY-john GAG II) for a moisture check and, after weigh­
ing, fed through the Wisconsin Breakage Tester. The broken sample from 
the tester was then screened in the sieve shaker with a 4.76-mm screen 
and the weight of the overs was recorded. 
Sample handling procedure; 1985 study 
For the 1985 study, practically the same sample handling proce­
dure was used, except that sample volume was large in 1985 compared 
to 1984, and measurements of test weight and particle size were made 
in addition to breakage susceptibility measurements. Particle size de­
terminations, though not the objective of this study, were made on 130 
random samples out of 288 samples used for breakage measurements. This 
was done to see whether breakage susceptibility values could be corre­
lated to particle size of ground corn samples. Test weights were taken 
for each sample before the breakage susceptibility evaluation. This 
extra measured factor was taken to investigate whether test weight of 
a sample could be correlated to its breakage susceptibility. Contrary 
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to the 1984 study, no wet corn samples had to remain in cold storage 
prior to drying by the slow room temperature air, since three driers 
were used concurrently in the 1985 study. Sample handling procedure 
for the 1985 study is shown in Figure 19. 
Laboratory procedure 
The following procedures were followed for all laboratory techniques 
and measurements connected with the experiment. 
Harvest moisture measurement Harvest moisture after shelling 
was determined by the ground grain oven method developed in the Grain 
Quality Laboratory, Iowa State University. This method has been found 
to provide a fast and accurate determination of moisture content. It 
was found to be the most repeatable on a given sample and also was the 
least susceptible to variations among samples compared to USDA whole 
grain method (USDA, 1976) and other electrical moisture meters (Paynter 
and Hurburgh, 1983). 
The procedure for this method is as follows: 
(1) Equilibrate sealed samples of whole corn to room 
temperature. 
(2) Place approximately 15 g of a representative portion 
of the sample in a one-half pint mason jar and install 
food blender head. 
(3) Grind sample in the food blender for one minute at 
the slowest speed setting (12,500 r/min), then one 
minute on the highest speed setting (17,000 r/min). 
(4) While the jar is still sealed, knock all ground material 
from blender blades, and let the sample equilibrate for 
10 minutes before opening the blender head. 
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(5) 
(6 )  
(7) 
(8)  
All weighings were made on a Mettler PC 180 balance. For the 1984 
study, six oven dishes (six replications) for each sample were used for 
the moisture determination. From the 1984 study, the low coefficient 
of variation verified that six replications were, in fact, not neces­
sary for measurement of harvest moisture. Therefore, three oven dishes 
or three replications were used in the 1985 study. 
Drying procedure The following drying procedure was adopted to 
dry samples under the two drying treatments. 
Slow room temperature air drying The airflow rate used for 
3 3 this drying treatment was 1.2 m /min/m (1.5 cfm/bu). The same airflow 
rate was used both years. This airflow rate was selected because there 
was no mention of any recommended airflow rate for natural air drying 
for com at moisture contents above 26% and harvested between September 
15 and October 15 in the MWPS handbook (MWPS, 1980). So, this mid-range 
value of 1.5 cfm/bu was selected from the range of 1 to 3 cfm/bu as 
recommended in the handbook. 
Empty entire contents of the jar into a tared dish. 
The tared dish used was as specified in the equipment 
manual GR 916-6 (USDA, 1976). 
Weigh dish and ground material immediately to the 
nearest mg. 
Heat for four hours in the forced air convection oven, 
maintained at 130°C. 
Reweigh to the nearest mg and calculate percent as: 
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Room air temperature and relative humidity were monitored period­
ically throughout the drying periods in both the years by a sling psy-
chrometer. Average room air temperature in 1984 was found to be 20°C 
(72°F) and the average relative humidity was 53%. For the year 1985, 
the average room air temperature was about 22"C and the average rela­
tive humidity of the room air was about 44%. 
For the 1984 study, a food dehydrator was used to dry the corn. The 
drying procedure was as follows: 
(1) Dump sample evenly into the three drying trays. 
(2) Level the top of the corn in each tray by hand. 
(3) Weigh the trays. 
(4) Turn on the dehydrator fan and adjust it to deliver 
the desired flowrate by adjusting the variable trans­
former and using the manometer reading as a guide. 
(5) Weigh trays periodically and check moisture content 
of the corn in the top tray by a DICKEY-john GAC II 
moisture meter. 
(6) Shuffle trays after every intermediate weighing. 
(7) Turn off fan when the desired final weight or moisture 
content was reached. 
(8) Dump dried corn to a bucket. 
(9) Clean the corn by running through a Carter dockage 
tester using a 6.35-mm (16/64-in) screen. 
For the 1985 crop, three laboratory barrel driers were used con­
currently to dry corn samples. The procedure was as follows: 
(1) Dump sample in the barrel. 
(2) Level off top of the corn by hand. 
.A' 
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(3) Turn on the fan and adjust for the desired flow rate 
by adjusting the variable transformer and using the 
manometer reading. 
(4) Mix the grain periodically and check the moisture con­
tent by a DICKEY-john GAG II moisture meter. 
(5) Turn off fan as soon as the desired moisture content 
was reached. 
(6) Empty the barrel and clean the dried sample in the 
dockage tester. 
High temperature drying and rapid cooling For this drying 
3 3 
treatment, an airflow rate of 80.4 m /min/m (100 cfra/bu) and a drying 
air temperature of 93.3°C (200°F) were used both years. Hot grain was 
o 3 
cooled with an airflow rate of 160.8 m /min/m (200 cfm/bu). The dry­
ing procedure was the same both years, except that in 1984, drying 
trays were used to hold the sample and in 1985 a wooden box with a wire 
mesh screen at the bottom was used to hold the sample. The same barrel 
drier was used for both the studies. In 1985, another heater was added 
in addition to the existing two heaters in the drier. The drying pro­
cedure was as follows: 
(1) Weigh the empty drying trays or the empty drying box. 
(2) Dump the measured sample into the drying trays or into 
the drying box. 
(3) Level off top of the corn by hand. 
(4) Place trays or the drying box on top of the drier. 
(5) Turn on the fan and adjust it to deliver the required 
airflow (80.4 m^/min/my) by adjusting the variable 
transformer and using the manometer reading. 
(6) Remove the trays or the drying box with the sample from 
the drier. 
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(7) Turn on the heaters and monitor air temperature by 
a thermometer. 
(8) Adjust the variable transformer (for the heaters) when 
the air temperature reached and started to cross the 
93.3°C (200°F) mark, so that a steady 93.3°C temperature 
was achieved. 
(9) Place the trays or the drying box with the sample on the 
top of the drier as soon as the steady air temperature 
of 93.3°C was reached. 
(10) Weigh the drying trays or the drying box periodically 
and use a DICKEY-john GAC II meter simultaneously to 
monitor the moisture content. 
(11) Mix the grain thoroughly after each weighing. For the 
sample in drying trays, shuffle the trays after each 
weighing. 
(12) Monitor grain temperature throughout the drying period 
and adjust heaters accordingly if grain temperature 
was found to be below or above 93.3°C. 
(13) Turn off the heaters as soon as grain moisture was 
found to be about 2 percentage points above the desired 
level and increase airflow to 160.8 m3/min/m3 by adjust­
ing the variable transformer and using the manometer. 
(14) Mix grain thoroughly during the first cooling period for 
the samples in a drying box. For the samples in the 
drying trays, mix the grain and shuffle the trays fre­
quently during the cooling period. 
(15) Weigh the trays or the drying boxes frequently and 
monitor moisture with a DICKEY-john moisture meter. 
(16) Mix the grain bed after each weighing. 
(17) Turn off the fan when the desired moisture level or 
sample final weights were attained. 
(18) Clean the dried sample in a Carter dockage tester to 
remove fines and broken corn. 
The average room air condition during this drying treatment was the 
same as mentioned earlier for the slow room temperature air drying treat-
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ment. Depth of the grain bed in the drying box was about 9 cm (3.5 in) 
and the depth in each of the three trays was about 2.5 cm (1 in). So, 
thin layer drying was assumed. 
Conditioning procedure For conditioning treatments, each sample 
was conditioned to the desired final moisture content by distributing 
the sample in three wire mesh trays. For this purpose, each sample 
was divided into three equal parts of 250 g each. Then, each part was 
run through the DICKEY-john GAC II moisture tester and then weighed. 
The tare weight of each wire mesh tray was also taken. The final weight 
for each part sample was then calculated on the basis of its initial 
weight, initial moisture and desired final moisture after conditioning. 
Each wire mesh tray was then marked for the desired final weight along 
with its identification tag. 
The samples that needed rewetting were placed in the environmental 
chamber. Temperature inside the environmental chamber was kept at a 
constant 20°C, only the relative humidity was varied. For the samples 
with a desired rewetted moisture level (MF) of 14%, relative humidity 
of the air inside the chamber was maintained at 80%. For samples which 
needed a final conditioned moisture level of 16% (by rewetting), the 
relative humidity was increased up to 90%. 
For samples needing drying to get the final moisture content, each 
tray and sample was placed inside the laboratory room and allowed to dry. 
The average laboratory air conditions during the conditioning treatment 
were 21°C (70°F) with 53% relative humidity and 22°C (72°F) with 43% 
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relative humidity for the years 1984 and 1985, respectively. 
The samples with its trays were weighed periodically till the de­
sired final weights were achieved. Then, the samples were put in sealed 
polyethylene bags with an identification label and placed in cold storage. 
Test weight measurement Test weight of samples was determined 
(1985 study) by using a one-quart brass measure and filling the hopper, 
as specified in GR916-6 (USDA, 1976). The leveled quart was weighed on 
the Seedburo Computer Scale and the test weight (Ib/bu) was directly read 
from the scale. The scale was zeroed with the empty quart on it prior 
to the test weight measurement. 
Particle size determination For particle size determination, a 
50-g representative sample of corn was taken and then ground to fine 
flour in a Magic Mill III+ Home Flour Mill. The ground sample was then 
placed on the top sieve of the Ro-tap sieve shaker and sieved for 15 
minutes. Sieves with their overs were then weighed to find the amount 
of the sample retained over each sieve. Tare weights of all the sieves 
in the shaker were taken prior to the sieving. Twelve sieves including 
the pan were used. The sieves as specified by the U.S. Standard Sieve 
No. were 12, 16, 20, 30, 40, 50, 70, 100, 140, 200, 270 and Pan. The 
nominal sieve opening size for each of these sieves were obtained from 
ASAE standard S319 (ASAE, 1982). Size of particles was expressed in 
terms of geometric mean diameter and calculated as suggested in ASAE 
standard S319 (ASAE, 1982). The calculated value was obtained as follows: 
_i S(w. log d ) 
dgw = log = 
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where dgw = geometric mean diameter, microns 
d^ = diameter of sieve openings of the 1^^ sievej microns 
d^ = geometric mean diameter of particles on the i*"^ 
sieve 
1/2 
" (^i^ ^i+l^ » microns , 
w^ = weight fraction on the i*"^ sieve 
Breakage susceptibility evaluation For all samples, breakage 
susceptibility values were determined in the following way: 
(1) Hand screen the sample by using a 6.35-mm (16/64-in) 
round hole screen to remove broken corn and fines. 
(2) Pick up all large brokens and foreign materials by hand. 
(3) Take 250 g of representative sample of whole corn. 
(4) Run the sample through a DICKEY-john GAC II moisture 
meter. 
(5) Weigh sample in the Seedburo Computer scale and record 
the weight. 
(6) Feed the sample through the Wisconsin breakage tester. 
(7) Sieve the sample after impacting, on the Strand Shaker 
using a 4.76-mm sieve for 30 strokes or 30 seconds. 
(8) Weigh material retained by the screen and record the 
weight. 
The percentage breakage susceptibility was calculated by: 
100(original weight - weight retained 
% breakage susceptibility 
All breakage susceptibility measurements were made at room tempera­
ture of 22 ± 2°C. The idea of running the sieve for 30 seconds to measure 
the overs was adopted because of a report by Miller et al. (1979) that 
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30 strokes or 30 seconds were sufficient to remove 98% of the broken 
corn that will pass through a 4.76-mm sieve. This is standard practice. 
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RESULTS AND DISCUSSION 
The experiments produced two data sets for each of the years, one 
for the breakage susceptibility values (BSD) measured at drydown mois­
ture levels (MO) and one for the breakage susceptibility values (BSF) 
measured at conditioned moisture levels (MF). The two data sets from 
each year are combined and presented in Appendices A and B. In addition 
to the two data sets, another set containing test weight and particle size 
measurement was also produced during the 1985 study. This data set is 
presented along with the other two sets in Appendix B. 
Analysis of variance procedures as presented in Tables 3 through 
6 were used to test the effects of corn moisture during harvest (IM), 
drying methods (TRT), original (MO) and final (MF) grain moisture and 
corn variety, on breakage susceptibility of shelled corn. Computations 
were done with the Statistical Analysis System program (SAS, 1979). 
The least significant difference (LSD) of selected means was computed by 
the equation: 
LSD^ q  q j j  = t^ Q  Q g (^S.E.) (Steel and Torrie, 1980) 
where 
LSD._ = Fisher's least significant difference test at 5% 
significance level 
t= tabular value of students 't' for error degrees of 
I " / freedom 
S.E. = standard error of difference between two means 
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Standard errors were computed from the formulae as given by 
Cochran and Cox (1957) for split-plot design. For comparing the means 
of interactions of main factor A and subunit factor B, the following 
equation was used to compute the 't' value. 
; , (G - DE^ t^  + 
® - 1)E^  + 
where 
t = estimated Student's t value 
= mean square error for factor A 
Ey = mean square error for factor B 
(3 - 1) = degrees of freedom (d.f.) for factor B 
t = tabulated Student's t value corresponding to the 
 ^ degrees of freedom in E for a given significance 
level  ^
t, = tabulated Student's t value corresponding to the 
degrees of freedom in E, for a given significance 
level 
Analysis of BSO Mean 
The analyses of variance results for the BSO mean are presented 
in Tables 7 and 8 for the years 1984 and 1985, respectively. From 
two tables, one could observe that most of the variations in breakage 
susceptibility values were accounted for by the different effects due 
to original moisture levels (MO), drying treatments (TRT) and interaction 
between these two factors (MO x TRT). This suggests that sample moisture 
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Table 7. Analysis of variance for BSO mean C1984 study) 
Source d.f. 
Sum of 
squares 
Mean 
square F 
F 3 9.02 3.01 
IM(LIN) 1 22.55 22.55 13.11** 
Error (a) 7 12.02 1.72 
MO 2 5611.45 2805.72 1945.04**** 
TRT 1 965.09 965.09 669.04**** 
MO X TRT 2 461.03 230.52 159.81**** 
IM(LIN) xTRT 1 26.06 26.06 18.07** 
IM(LIN) XMO 2 1.72 0.86 0.60 
IM(LIN) X TRT X MO 2 0.10 0.05 0.03 
Error (b) 50 72.13 1.44 
Total 71 7181.16 
**2 < .01. 
aa**£ < .0001. 
content and drying treatment or combination of these two factors, are 
mainly responsible for the difference in breakage susceptibility of 
shelled corn. Effects due to these factors were found to be very sig­
nificant. There were also significant effects of harvest moisture (IM) 
and its interaction with drying treatment (1984 study), and the two-
and three-factor interactions of variety with original moisture and 
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Table 8. Analysis of variance for BSO mean (1985 study) 
Sum of Mean 
Source d.f. squares square F 
V 3 67.54 22.5 
IM(LIN) 1 21.30 21.30 21.52** 
V X IM(LIN) 3 9.80 3.27 3.30 
Error (a) 4 3.96 0.99 
MO 2 4370.52 2185.26 1248.72**** 
TRT . 1 1546.58 1546.58 883.76**** 
MO X TRT 2 1010.92 505.46 288.80**** 
V xMO 6 42.97 7.16 4.09** 
V X TRT 3 98.10 32.70 18.69** 
IM(LIN) XMO 2 7.31 3.66 2,09 
IM(LIN) X TRT 1 4.11 4.11 2.35 
V XMO X TRT 6 43.03 7.17 4.09** 
LIN) X MO X TRT 2 5.69 2.85 1.63 
Error (b) 35 61.36 1.75 
Total 71 7293.18 
**£_ < .01. 
****2 < .0001. 
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drying treatments (1985 study). The only difference in the results over 
the two years was the interaction IM(LIN)x TRT, which was found to be 
significant in the 1984 study, but not in the 1985 study. Apart from 
this, other results were similar. 
Effect of corn harvest moisture 
The effect of corn harvest moisture was tested in terms of its linear 
effect on breakage susceptibility values, as per the statistical model 
used for this experiment. It was necessary to test this effect in this 
way because harvest moisture contents in each field under each sampling 
were different. Since harvest moisture contents in each field were 
successively lower for each successive sampling, they could be speci­
fied as high, medium or low for the first, second and third samplings, 
where high, medium or low can be referred to as the average harvest mois­
ture over the four fields for each successive sampling. In this way, 
three harvest moisture levels were specified uniformly for each field 
and the linear effect was tested as the average harvest moisture de­
creased from one sampling to another. 
The significant linear effect of harvest moisture over the two 
years of study suggests that there exists a linear relationship between 
harvest moisture and breakage susceptibility of corn. The plots of 
average harvest moisture and breakage susceptibility values (BSD) con­
firm this (Figures 20(a) and 21(a)). From the plots, it can be ob­
served that breakage susceptibility increased as average harvest mois­
ture went up. Breakage values at each average harvest moisture level 
a) averaged over both drying treatments 
b) for each of the two drying treatments (TRT) 
Figure 20. Effect of harvest moisture (IM) on corn breakage 
susceptibility (BSO); 1984 corn 
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are presented in Table 9. Sampling numbers 1, 2, and 3 represent the 
sampling sequence from first to third. Breakage susceptibility values 
presented in Table 9 are averages obtained over the two drying treat­
ments. From this table, it is evident that breakage susceptibility 
Table 9. Effect of harvest moisture (IM) on corn breakage susceptibility 
(BSO) 
Crop year 
Sampling 
no. 
Average 
harvest moisture 
% 
Breakage 
susceptibility (BSO) 
% 
1984 1 30.6 14.46 
2 25.5 13.43 
3 23.7 13.09 
1985 1 31.3 10.56 
2 27.3 9.54 
3 24.9 9.28 
values (BSO) increase with an increase in average harvest moisture con­
tent, but this increase is very small. Over both the years, the aver­
age decrease in breakage values from the first sampling to the second 
sampling was about one percentage point and about 0.3 percentage point 
between the second and third samplings, irrespective of average harvest 
moisture contents. Further, though the average harvest moisture levels 
at each sampling were higher in 1985, the corresponding breakage values 
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(BSO) were lower compared to 1984 study. This may be due to effects 
of different varieties involved in the 1985 study. 
The significant interaction between the linear effect of harvest 
moisture and drying treatment (IM(LIN) xTRT) in the 1984 study (Table 7) 
suggests that the linear effect of harvest moisture on breakage suscep­
tibility (BSO) was, in fact, different from one drying treatment to an­
other. The plot of average harvest moisture and breakage susceptibility 
(BSO) at each drying treatment illustrates this point (Figure 20(b)). 
From the plot, it appears that the significant linear effect of harvest 
moisture on breakage susceptibility was, in fact, due to the high temper­
ature air drying treatment (TRT2). No linear effect of harvest moisture 
could be observed for the BSO values of the samples dried by slow room 
temperature air drying method (TRTl). Therefore, the linear effect of 
harvest moisture on BSO could be attributed to the number of points of 
moisture removal during sample drying at high temperature. But, to the 
contrary, the effects of IM(LIN) x TRT interaction was found to be in­
significant in the 1985 study (Figure 21(b)), implying that the linear 
effect of harvest moisture is the same regardless of how the corn is 
dried. No possible reason can be furnished for this change in trend 
from one year to another, except that in the 1985 study, different corn 
varieties were involved and a different drier was used for the slow room 
temperature air drying treatment. Moreover, the room air condition in 
1985 was a bit warmer and drier (less relative humidity) compared to the 
year 1984, and therefore, the drying rate was probably a little higher. 
114 
But this is certainly not the best explanation for this change in trend. 
Breakage values for the two drying treatments over the average harvest 
moisture contents are presented in Table 10. If BSO values under TRTl 
are examined closely (Table 10), it appears that there are few differ-
Table 10. Corn breakage susceptibility values (BSO) as affected by 
harvest moisture and drying methods 
Crop year 
Drying 
treatments (TRT) 
Average 
harvest 
moisture 
% 
Breakage 
susceptibility 
(BSO) 
% 
1984 30.6 9.97 
slow room air 25.5 9.95 
1985 
temperature drying 
(TRTl) 23.7 
31.3 
27.3 
24.9 
10.07 
5.50 
5.26 
4.72 
1984 30.6 18.94 
1985 
high temperature air 
drying and cooling 
(TRT2) 
25.5 
23.7 
31.3 
27.3 
24.9 
16.91 
16.10 
15.62 
13.84 
13.84 
ences in BSO values between high and medium harvest moisture levels over 
both the years, but the difference of 0.54% in breakage value between 
the medium and low harvest moisture levels during 1985 made all the dif­
ference as far as the linear effect of harvest moisture under this 
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treatment is concerned. For the high temperature air dried samples, al­
though there was a difference of 2% in breakage values between the high 
and medium harvest moisture levels, no apparent difference in BSO values 
was observed between the medium and low harvest moisture levels. 
Effect of drying treatments (TRT) 
For the 1984 study, 13% of the total variation in BSO value was 
accounted for by the effects of drying treatment. In 1985, this figure 
was even higher, about 21%. Therefore, drying method is one of the 
important variables affecting breakage susceptibility values of shelled 
corn. The highly significant drying treatment effect (TRT) also sug­
gests this. The average breakage susceptibility values obtained for 
the two drying treatments are presented in Table 11. From this table, 
it can be seen that breakage susceptibility values were increased by 
2 to 3 times (approximately), when the samples were exposed to heated 
air drying followed by rapid cooling. The data agrees with previous­
ly published results (Thompson and Foster, 1963; Paulsen et al., 1983). 
Table 11. Corn breakage susceptibility values (BSO) as affected by 
drying treatment 
Drying Breakage susceptibility (BSO) 
Crop year treatment (TRT) % 
9.99 
17.32 
5.16 
14.43 
1984 
1985 
1 
2 
1 
2 
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Effects of original moisture (MO) 
The analysis of variance Tables 7 and 8 showed that the original 
moisture effect (MO) accounts for the largest percentage of total varia­
tions in corn breakage susceptibility values, about 78% and 60% for the 
years 1984 and 1985, respectively. The large significance level bears 
testimony of this effect. This means that the corn breakage suscepti­
bility as measured by a Wisconsin Breakage Tester is greatly influenced 
by grain moisture. The BSO means at all levels of original moisture 
content (MO) were significantly different from each other (Table 12). 
Table 12. Effect of original sample moisture content (Mo) on corn 
breakage susceptibility value (BSO) as measured by Wisconsin 
breakage tester 
Crop year 
Original moisture 
content (Mo) 
% 
Breakage susceptibility (BSO) 
% . 
1984 12 25.17 
15 12.09-
18 3.72 
1985 12 20.18 
15 7.82 
18 1.40 
Breakage susceptibility values at 12% moisture content were 7 to 14 
times higher compared to breakage values measured at 18% moisture con­
tent. Breakage susceptibility values increased as moisture content of 
corn was decreased and this rate of increase was more when the grain 
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moisture decreased from 15% to 12% compared to the rate of increase 
when grain moisture decreased from 18% to 15%. This data also supports 
findings of Herum and Blaisdell (1981), who reported that corn break­
age susceptibility increased greatly as grain moisture was decreased 
from 14% to 12%. 
The significant interaction between original moisture content (MO) 
and drying treatment (TRT) suggests that though original moisture con­
tent (MO) was found to have a large effect on breakage susceptibility 
of corn, the nature of its response depended upon the way the corn was 
dried. Breakage susceptibility values for each drying treatment over 
all moisture levels (MO) are presented in Table 13. From this table, 
one could observe the different response of MO with drying treatment. 
Table 13. Corn breakage susceptibility value (BSO) as affected by 
original moisture content (MO) and drying treatment (TRT) 
Drying Original Breakage susceptibility 
Crop year treatment (TRT) moisture (MO) 
% 
(BSO) 
% 
1984 1 12 18.41 
1 15 8.43 
1 18 3.16 
2 12 31.93 
2 15 15.96 
2 18 4.27 
1985 1 12 10.70 
1 15 3.73 
1 18 1.05 
2 12 29.65 
2 15 11.90 
2 18 1.74 
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For the slow room temperature air dried samples, the increase in BSO 
values was between 10 and 15 percentage points when corn moisture was 
decreased from 18 to 12%, the increase in BSO values for the high tem­
perature air dried samples was found to be between 27 and 29 percentage 
points. The effect of original moisture content on BSO for the two 
drying treatments is also shown in Figures 22 and 23. 
Breakage susceptibility (BSO) as a function of original moisture 
content (MO) Regression analyses were conducted to express the corn 
breakage susceptibility values (BSO) as a function of original moisture 
content (MO). Regression analyses on the breakage data suggested that 
both quadratic and exponential models were adequate to fit experimental 
data (Tables 14 and 15). This result agrees with the earlier results 
as reported by Paulsen (1983), Hurburgh (1984 and 1985), and Singh 
(1985). For the purpose of this report, which ever model showed better 
2 
representation of the data (in terms of R values) was taken to describe 
the relationship between breakage susceptibility value (BSO) and the 
original moisture content (Figures 22 and 23). 
The regression equation BSO = 648.7 e (R^  = .97) obtained 
to describe breakage susceptibility values as a function of original 
moisture content (MO) for the slow room temperature dried samples (TRTl) 
during the 1984 study (Figure 22) compared well with the equation 
BRK SUS = 171.3 e"°'29(M) (^ 2 ^  gg) reported by Paulsen (1983) ex­
cept for the intercept. Slopes of the two equations when drawn on a 
semi-logarithmic axes were exactly the same even though two different 
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Table 14. Regression models and coefficients for the variable BSO as a function of moisture content 
(MO) (slow room air drying treatment) 
Regression models 
Crop 
year 
Corn 
variety 
BSO — A(M0) +B(MO)^  + D BSO II 
1
 
BSO = A(MO) +B(M0)2 + C(IM) +D 
A B D R2 A K R2 A B C D r2 
1984 3 -10.4 0.26 105.5 .96 648.7 -0.29 .97 -10.4 0.26 -0.03* 106.5 .96 
1985 1 -9.28 0.25 85.4 .99 2143.0 -0.44 .96 -9.28 0.25 -0.02* 85.9 .99 
2 -12.3 0.35 108.9 .98 1737.0 -0.42 .91 -12.3 0.34 0.17 104.4 .986 
3 -7.7 0.20 72.9 .95 1826.0 -0.43 .90 -7.7 0.20 0.20 66.8 .97 
4 -5.8 0.15 58.8 .98 555.6 -0.33 .94 -5.8 0.15 0.09 56.1 .99 
1985 Varieties pooled —8.8 0.24 81.5 .96 1395.2 -0.40 .91 —8.8 0,24 0.08 79.28 .96 
1984 
and 
1985 
Pooled -9.6 0.25 93.5 .77 912.4 -0.35 .76 -9.6 0.25 -0.15* 97.6 .77 
N^S - the coefficient is not significant. 
Table 15. Regression models and coefficients for the variable BSO as a function of moisture content 
(MO) (high temperature air drying treatment) 
Regression models 
Crop 
year 
Corn 
variety 
BSO = A(MO) +B(MO)^  + D BSO II I BS0 = A(MO) +B(M0) ^ + C(IM) +D 
A B D R2 A K r2 A B C D R^  
1984 3 -12.4 0.26 143.4 .98 2313.4 -0.35 .90 -12.4 0.26 0.41 132.6 .99 
1985 1 -19.3 0.49 190.4 .99 7332.0 -0.45 .96 -19.3 0.49 0 190.5 .99 
2 -26.0 0.73 232.11 .98 9701.2 -0.49 .96 -26.0 0.73 0.42 220.9 .99 
3 -13.6 0.27 157.13 .96 12799.1 -0.48 .93 -13.6 0.27 0.43 144.6 .97 
4 -10.4 0.19 126.9 .98 12976.6 -0.49 .92 -10.4 0.19 0.33 117.73 \D
 
v
o
 
1985 
All 
varieties 
pooled 
-17.3 0.42 176.6 .93 10493.5 -0.48 .92 -17.3 0.42 0.54 161.6 .95 
1984 
and 
1985 
Pooled 
-14.9 0.34 160.0 .94 4884.3 -0.41 .86 -14.9 0.34 0.35 150.5 .95 
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corn varieties were involved in these two studies. An examination of 
the slope (K) values of the model BSO = Ae^ ^^ ^^  obtained for the four 
corn varieties over each drying treatment revealed that the slopes were 
almost equal (Tables 14 and 15). 
But, for one variety, it was not possible to obtain the same slope 
(K) value in another crop year even if the experiment was conducted 
under similar conditions. This may be because of year-to-year varia­
tion in corn breakage susceptibility due to different growing condi­
tions. The case in point is Pioneer 3720 (V3) which was used in both 
years of study. During the 1984 study, the slopes (K) of the exponen­
tial model BSO = Ae^ ^^ ^^  obtained for this variety were -0.29 ,and -0.35 
under TRTl and TRT2, respectively, while in 1985, the slope values ob­
tained were -0.43 and -0.48 under TRTl and TRT2, respectively (Tables 
14 and 15). Further, though both the quadratic and exponential models 
2 had fairly high R values (indicating a good fit of the experimental 
2 data) in each year of study, the R value of the model declined consider­
ably when the data from the two years were pooled. This was true, es­
pecially in the case of data obtained from slow room air dried samples 
(Table 14). This implies that a single regression equation may not be 
adequate to account for year-to-year variations in corn breakage suscep­
tibility. Therefore, quantification of the moisture effect on corn 
breakage susceptibility made from one regression equation may be errone­
ous. 
2 
The R of the quadratic models showed a marked improvement when the 
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linear effect of harvest moisture (IM) was added to the quadratic equa­
tions obtained for the samples dried by high temperature air (TRT2) in 
each year of study (Table 15). The only exception was the equation ob­
tained for the variety Ames Best SX37 (VI). Here, harvest moisture 
(IM) did not seem to have any influence on breakage values. The co­
efficients (or factors) obtained for the IM effect were pretty close, 
0.41 and 0.54 for the years 1984 and 1985, respectively. So, the factor 
0.35 as obtained from pooled data for the two years was taken to quanti­
fy the harvest moisture effect on breakage susceptibility values of corn 
dried by high temperature air (TRT2). Harvest moisture appeared to have 
very little or no effect on breakage values of corn dried by slow room 
temperature air (TRTl), as evident from the insignificant coefficients 
of IM obtained from the 1984 data as well as from the pooled data of 
both years and a very small coefficient, 0.08, obtained from the 1985 
data. 
Effects of corn variety 
The effect of corn variety on breakage susceptibility could not 
be tested as such, because of the nature of the experimental design 
where the varieties were used as blocks or replications of the experi­
ment. But, the fairly large sum of squares gives the impression that 
the varietal effect on corn breakage susceptibility may be significant 
(Table 8). Under the experimental design, however, the varietal effect 
on breakage susceptibility values (BSC) can be tested in terms of its in­
teraction with drying treatments (TRT) and original moisture content (MO), 
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both of which were found to be significant (Table 8). The significant 
interaction between corn varieties and drying treatments is illustrated 
in Figure 24. Variety V3 (Pioneer 3720) was found to have the greatest 
breakage value compared to the other three varieties in the high tem­
perature drying treatment. But this same variety had the lowest break­
age susceptibility value compared to other varieties when exposed to 
the slow room air drying treatment. On the other hand, variety V2 
(Pioneer 3780) had the lowest breakage susceptibility values under the 
high temperature air drying treatment (TRT2) and the highest breakage 
susceptibility value under the slow room air drying treatment (TRTl). 
From this result, it can be concluded that a difference in corn break­
age values due to the effects of corn variety exists, but the nature 
of response depends on drying methods employed. 
The average breakage data for the four'corn varieties over the 
drying treatments is presented in Table 16. BSC means were not signifi­
cantly different among varieties for the slow room air drying treat­
ment (TRTl). But for the high temperature drying treatment (TRT2), the 
BSD mean for Pioneer 3780 (V2) was significantly lower compared to the 
other three varieties and the BSC mean for variety 3 (Pioneer 3720) 
was significantly higher than variety 1 (Ames Best SX37) and variety 2 
(Pioneer 3780). The BSD mean of variety 4 (Pioneer 3732) was not found 
significantly different from variety 1 and variety 3. From this re­
sult, it appears that Pioneer 3780 is least susceptible to breakage 
and Pioneer 3720 is most susceptible to breakage when grain is dried 
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Figure 24. Corn breakage susceptibility (BSO) as affected by 
variety (V) and drying treatments (TRT); 1985 corn 
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Table 16. Corn breakage susceptibility as affected by variety and 
drying treatments (1985 study) 
Corn Drying Breakage susceptibility (BSO) 
variety treatment (TRT) % 
1 1 4.99a^  
2 1 5.51a 
3 1 4.92a 
4 1 5.53a 
1 2 14.20a 
2 2 11.23b 
3 2 17.14c 
4 2 15.17ac 
Entries with the same letter in a drying treatment category are 
not significantly different by the LSD criterion. 
with high temperature air. 
The significant interaction between corn variety and original mois­
ture content (V x MO) suggests that the measured difference in BSO values 
over the three levels of original moisture content differs from one 
variety to another. In other words, the response due to the effect of 
original moisture content (MO) was different among the varieties. The 
plot of BSO values versus original moisture content (MO) illustrates 
this point (Figure 25). BSO values for variety 3 (Pioneer 3720) at 
12% moisture content was significantly higher than the BSO values of 
the other three varieties measured at the same moisture content. At 
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ORIGINAL MOISTURE CONTENT (MO), % 
Figure 25. Corn breakage susceptibility (BSO) as affected by 
variety (V) and original moisture (MO); 1985 corn 
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15% moisture content, the BSO value of variety 2 (Pioneer 3780) was sig­
nificantly lower compared to the other three varieties. The BSO of 
variety 1 (Ames Best SX37) was also found to be significantly lower com­
pared to variety 3 (Pioneer 3720) at 15% moisture content. But no sig­
nificant difference in breakage susceptibility values (BSO) was obtained 
among the varieties at 18% moisture content. The results of this inter­
action are presented in Table 17. 
Table 17. Corn breakage susceptibilities as affected by variety and 
original moisture content (1985 study) 
Original moisture Corn 
content (M ) variety Breakage susceptibility (BSO) 
% % 
12 1 20.03a 1 
15 
3 
2 
4 
1 
2 
3 
18.71a 
22.28b 
19.86a 
7.36b 
5.12c 
9.59a 
18 
4 
3 
1 
2 
4 9.19ab 
1.40a 
1.27a 
1.40a 
1.54a 
E^ntries with the same letter in a moisture content category are not 
significantly different by the LSD criterion. 
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Analysis of BSF Mean 
The analysis of variance for the mean breakage susceptibility 
values (BSF mean) obtained at conditioned or final moisture contents 
(MF) from both years of study are presented In Tables 18 and 19. Re­
sults from each of the two years are practically the same except for 
some significant Interactions of variety and other factors obtained 
during the 1985 study. From the variance tables. It Is again apparent 
that most of the variations In BSF were accounted for by MF and drying 
treatment (TRT) effects or combinations of both. This establishes the 
Importance of sample moisture content and drying methods, and their 
Interactions, In determining breakage susceptibility of corn. 
In addition to the above factors, other major significant effects 
came from the drydown or original moisture content level (MO) and its 
interaction with drying treatment (TRT) and final moisture content (MF). 
The notable exception was the insignificant linear effect of harvest 
moisture (Tables 18 and 19). It appears that the linear effect of har­
vest moisture was replaced by the effect of dry down or original mois­
ture (MO), when samples were conditioned to the final moisture (MF) 
levels. At this point, it is necessary to clearly distinguish between 
the MO effects on BSO and MO effects on BSF. In the case of BSC analy­
sis, the MO effect was, in fact, the effect of sample moisture content 
at which the breakage measurement was made. The effects of dry down 
moisture level (% point of moisture removal during drying) were indis­
tinguishable from the sample moisture content effects. Therefore, 
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Table 18. Analysis of variance for BSF mean (1984 study) 
Sum of Mean 
Source d.f. squares square F 
F 3 1.62 
IM(LIN) 1 1.86 1.86 1.68 
Error (a) 7 7.74 1.11 
MO 2 260.53 130.77 165.5**** 
TRT 1 4260.06 4260.06 5392.5**** 
MO X TRT 2 137.97 68.99 87.3AAA* 
IM(LIN) xMO 2 8.97 4.40 5.6** 
IM(LIN) X TRT 1 2.59 2.59 3.3 
IM(LIN) X TRT X MO 2 8.11 4.06 5.1** 
Error (b) 50 39.49 0.79 
MF 2 8499.48 4249.74 3794.4**** 
MF xMO 4 16.74 4.19 3.7** 
MF X TRT 2 515.67 257.84 • 230.2**** 
IM(LIN) X MF 2 0.34 0.17 0.2 
MO X TRT X MF 4 16.39 4.10 3.7** 
IM(LIN) X MO X MF 4 6.45 3.22 2.9 
IM(LIN) X TRT X MF 2 4.12 2.06 1.8 
Error (c) 124 139.15 1.12 
Total 215 13927.13 
**£ < .01. 
****£ < .0001. 
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Table 19. Analysis of variance for BSF mean (1985 study) 
Sum of Mean 
Source d.f. squares square F 
V 3 255.80 39.35 
IM(LIN) 1 39.35 39.35 4.9 
Vx IM(LIN) 3 17.31 5.77 0.70 
Error (a) 4 32.14 8.04 
MO 2 220.04 110.02 88.7**** 
TRT 1 5098.66 5098.66 4111.8**** 
MO X TRT 2 126.82 63.41 41.1**** 
V XMO 6 7.23 1.21 0.9 
V X TRT 3 263.14 87.71 70.8**** 
IM(LIN) XMO 2 20.96 10,48 8.5** 
IM(LIN) XTRT 1 9.37 9.37 7.6** 
V XMO X TRT 6 13.96 2.33 1.9 
IM(LIN) XMO X TRT 2 7.27 3.64 2.9 
Error (b) 35 43.48 1.24 
MF 2 6592.31 3296.16 2257.6**** 
MF XMO 4 46.17 11.54 7.9** 
MF X TRT 2 1280.11 640.05 438.4**** 
V XMF 6 44.44 7.41 5.1** 
**2 ^  .01. 
****£ < .0001. 
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Table 19. continued 
Sum of Mean 
Source d.f. squares square F 
IM(LIN) XMF 2 1.92 0.96 0.7 
MO X TRT X MF 4 33.00 8.25 5.7** 
V X TRT X MF 6 47.32 7.89 5.4** 
V X MO X MF 12 35.72 2.98 2.0 
IM(LIN) X MO X MF 4 6.63 1.66 1.1 
IM(LIN) XMO XMF 2 1.35 0.68 0.5 
Error (c) 100 146.04 1.46 
Total 215 14390.52 
the MO effect on BSO may be regarded as sample moisture effect. But for 
the purpose of BSF analysis, it must be noted that BSF values were 
measured at final sample moisture content (MF) and not at MO, the original 
or drydown moisture level. So, in this case, the MF effect was the 
sample moisture effect and the MO effect was the effect of drydown or 
original moisture levels obtained through varying the number of points 
(%) of moisture removal when the samples were dried. 
Some other significant effects due to the two or three factor inter­
action between the harvest moisture (linear effect only), drying treat­
ment (TRT), and original moisture content (MO) do not have any practical 
meaning in the BSF analysis, since the linear effect of harvest moisture 
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was found insignificant. 
As in the case of BSO analysis, the analysis of BSF showed a 
large sum of squares being attributed to corn variety (Table 19). 
Therefore, there is a valid reason to believe that there exists a dif­
ference in breakage susceptibility values among varieties. But, it 
cannot be said for sure, due to the nature of the experimental design 
where corn varieties were not replicated but instead used as blocks 
or replication of the experiment. However, the effect of corn variety 
could be tested in terms of its interaction with drying treatment 
(TRT) and final moisture (MF) content, both of which were found to be 
significant in the 1985 study (Table 19). 
Effect of drying treatment 
The importance of drying treatment on breakage susceptibility 
of corn was established again by the highly significant drying treat­
ment effect on BSF, observed during both years of study (Tables 18 and 
19). The extent of drying treatment effect on BSF was, in fact, more 
pronounced compared to its effect on BSO, considering the larger sum 
of squares attributed to this effect during analysis of the BSF mean. 
About 30 to 35% of the total variation in BSF could be traced back to 
the drying effect only, while about 17 to 21% of the total variation in 
BSO was attributed to this effect. The mean BSF values for the two 
drying treatments are presented in Table 20. From the table, it is ob­
vious that high temperature drying (TRT2) caused a two-fold increase in 
the breakage susceptibility value compared to slow room air drying. 
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Table 20. Effect of drying treatment on corn breakage susceptibility 
(BSF) measured at conditioned moisture content (MF) 
Drying Breakage 
Crop year treatment (TRT) susceptibility (BSF) 
% % 
1984 1 11.33 
2 20.20 
1985 1 6.11 
2 15.80 
Effect on dry down moisture levels 
The significant MO effect suggests that the final breakage suscepti­
bility (BSF) was affected by the dry down or original moisture content of 
corn samples from which samples were conditioned to a final moisture con­
tent (MF). The plots in Figures 26(a) and 27(a) reveal that breakage 
susceptibility (BSF) increased almost in a linear fashion as dry down or 
original moisture content was decreased from 18 to 12%. The mean BSF val­
ues at each MO level were significantly different. This means that BSF 
values would be more if the samples were conditioned from an MO level of 
12% compared to conditioning a sample from an MO level of 18% to the same 
final moisture content (MF). This is because of the fact that original 
breakage values (BSO) at the dry down moisture level (MO) of 12% were 
higher compared to values at the MO level of 18%. In other words, damage 
done to the corn sample by initially drying it to a lower moisture level 
could not be repaired fully even after the sample moisture was raised to 
a) averaged over two drying treatments 
b) for each of the two drying treatments (TRT) 
Figure 26. Corn breakage susceptibility (BSF) as affected by 
drydown or original moisture content (MO); 1984 corn 
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Figure 27. Corn breakage susceptibility (BSF) as affected by 
drydown or original moisture content (MO); 1985 corn 
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another level by conditioning. This also implies that the final corn 
breakage susceptibility values (BSF) are a function of original breakage 
susceptibility values (BSO). 
The significant interaction between the dry down or original mois­
ture levels (MO) and drying treatment (TRT) effects indicate that the 
BSF response due to the MO effect was, in fact, different for the two 
drying treatments. The plots in Figures 26(b) and 27(b) clearly show this 
trend. It appears from the plots, that MO had a more pronounced effect 
on BSF values for samples dried by rapid high temperature air (TRT2) 
compared to values of samples dried by slow room air (TRTl). Final 
breakage susceptibility values at the three MO levels and for each dry­
ing treatment are presented in Table 21. By examining the mean BSF 
values, it is evident that MO had a greater effect on BSF under the 
rapid high temperature drying treatment (TRT2), compared to slow room 
air drying treatment (TRTl). While the mean BSF values under the high 
temperature drying treatment (TRT2) were found to be significantly dif­
ferent at each level of MO, the difference in BSF means under the slow 
room air drying treatment (TRTl) were found to be insignificant, with 
one exception. The exception being the mean BSF value at the 12% MO 
level from the 1984 study, which was found to be significantly differ­
ent from the means at 15% and 18% MO levels (Table 21). 
Effect of corn variety 
The effect of corn variety on corn breakage susceptibility (BSF) 
could be described from the significant interaction of varieties (V) 
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Table 21. Effect of drydown moisture level (MO) on corn breakage 
susceptibility (BSF) for different drying treatment (TRT) 
Crop Drydown moisture Drying Breakage 
year content (MO) 
% 
treatment CTRT) susceptibility (BSF) 
% 
1984 12 1 11.97 
15 1 10.84a^ 
18 1 11.19a 
12 2 22.45 
15 2 20.31 
18 2 17.89 
1985 12 1 6.45a 
15 1 6.05a 
18 1 5.84a 
12 2 17.84 
15 2 16.12 
18 2 13.52 
^Entries with the same letter in a drying treatment category are 
not significantly different by the LSD criterion. 
with the TRT and MF effects. The result due to the significant in­
teraction of variety with drying treatment (TRT) is the same as the 
result obtained during analysis of the BSO mean. Under the high tem­
perature drying treatment (TRT2), Pioneer 3780 (V2) appeared to be 
the least susceptible to breakage, while Pioneer 3720 (V3) was found 
to be the most susceptible to breakage (Table 22). But under slow 
room air drying, the varietal difference in BSF value was found to 
be insignificant. The result also indicates that Ames Best SX37 (VI) 
142 
Table 22. Varietal effect on corn breakage susceptibility (BSF) for 
the two drying treatments (1985 study) 
Drying treatments Variety Breakage suceptibility (BSF) 
(TRT) (V) % 
1 1 5.92a^ 
2 6.00a 
3 6.06a 
4 6.38a 
2 1 16.08a 
2 12.65 
3 18.82 
4 15.72a 
^Entries with the same letter in a drying treatment category are 
not significantly different by the LSD criterion. 
and Pioneer 3732 (V4) appeared to have the same breakage characteris­
tics. 
The significant interaction between the variety (V) and final mois­
ture (MF) effects suggests that the difference in breakage susceptibili­
ty among varieties are different at different MF levels. This can be 
observed from the result in Table 23. The result indicates that the 
difference in BSF due to corn variety gradually diminished as the fi­
nal moisture content (MF) was increased from 12% to 16%. Further, it 
also appears that variety 2 (Pioneer 3780) was the least breakage 
prone corn while variety 3 (Pioneer 3720) was most breakage susceptible. 
Varieties 1 and 4 (Ames Best SX37 and Pioneer 3732) appear to have the 
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Table 23. Com breakage susceptibility (BSF) as affected by variety 
and final moisture content (.1985 study) 
Final moisture Breakage susceptibility 
content (MF) Variety (BSF) 
% (V) % 
12 1 18.45 
2 15.73 
3 20.33 
4 17.83 
14 1 10.11 
2 8.64 
3 11.51 
4 10.54 
16 1 4.44 
2 3.73 
3 5.46 
4 4.84 
same breakage characteristics. 
Effect of conditioned moisture level 
The highly significant effect due to conditioned or final mois­
ture content (MF) is again a clear indication of the importance of sample 
moisture content at the time of measuring corn breakage susceptibility 
values by a Wisconsin breakage tester. About 45 to 61% of total varia­
tion in the BSF values could be traced back to the effect of MF alone 
in both years of study. Breakage values increased as sample moisture 
(MF) was decreased. 
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The highly significant interaction between final moisture (MF) and 
drying treatment (TRT) effects suggests that response of BSF due to the 
MF effect was different for the two drying treatments. This is il­
lustrated in Figures 28 and 29. During the 1984 study, the percentage 
point increase in the breakage susceptibility of corn dried by slow 
room air drying treatment (TRTl) was 11.6% when MF was decreased from 
16 to 12% compared to the percentage point increase of 19% for the 
samples dried by high temperature air (TRT2). The corresponding figures 
during the 1985 study were 7.5% and 19.4% for TRTl and TRT2, respective­
ly. Further, the largest difference in BSF values due to the drying 
treatment effect appeared to occur at the 12% (MF) level and this dif­
ference generally decreased as the MF level was increased (Figures 28 
and 29). 
The significant interaction between dry down or final moisture 
content (MO) and sample final moisture content (MF) effects suggests 
that the slopes of lines in Figures 30 and 31 are not the same, that 
is, the response of breakage results (BSF) due to MF effect differs 
from samples conditioned from one MO level to samples conditioned from 
another MO level. Breakage susceptibility values of both years for each 
level of MF and MO are presented in Table 24. The mean BSF values meas­
ured at the MF level of 12% were found to be significantly different for 
each level of MO in both years of study. In the 1984 study, for samples 
at a conditioned moisture level (MF) of 14%, the mean BSF values were 
also found to be significantly different for each level of MO, but in 
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Figure 30. Corn breakage susceptibility (BSF) as affected by 
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Figure 31. Corn breakage susceptibility (BSF) as affected by 
drydown or original moisture content (MO) and final 
moisture content (MF); 1985 corn 
149 
Table 24. Effect of original moisture content (MO) on the breakage 
susceptibility (BSF) of corn measured at final moisture 
content (MF) 
Crop Final moisture Original (dry down) Breakage 
year content (MF) moisture content (MO) susceptibility (BSF) 
% % % 
12 12 25.24 
15 23.38 
18 22.47 
14 12 16.79 
15 15.46 
18 13.58 
16 12 9.59al 
15 8.88ab 
18 8.25b 
12 12 20.05 
15 18.15 
18 16.06 
14 12 11.17a 
15 10.36a 
18 9.08 
16 12 5.21a 
15 4.74ab 
18 3.91b 
^Entries with the same letter in a final moisture (MF) category are 
not significantly different by the LSD criterion. 
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the 1985 study only the mean at the 18% MO level was found to be sig­
nificantly different from the other two MO levels. For samples at the 
MF level of 16%, only the means for MO levels of 12% and 18% were found 
to be significantly different. All these results indicate that if the 
conditioned moisture level is above 14%, there is very little differ­
ence in breakage values between the samples originally at 15% and 18% 
moisture content (MO). Further, from Figures 30 and 31 and the data 
in Table 24, it is evident that the difference in BSF values due to 
the MO effect gradually decreased as the conditioned moisture level (MF) 
was increased from 12 to 16%. This was true especially between samples 
originally at 12% and 18% moisture content (MO) before conditioning. 
The result of the significant MO effect on final breakage suscep­
tibility (BSF) of corn has one practical implication, that is, the in­
crease in breakage susceptibility of blended corn with the decrease in 
moisture content in the dry portion in the blend. This was evident from 
the fact, that if the original moisture content (MO) before conditioning 
was lower, final breakage susceptibility (BSF) measured at a final 
moisture content (MF) was higher. Nguyen et al. (1984) demonstrated 
this fact. But their reported higher increase in breakage susceptibility 
value at higher moisture blend could not be supported from this experi­
mental data. This experimental result indicates that the extent of in­
crease in the breakage susceptibility of corn due to decrease in mois­
ture content of the dry portion would be smaller for higher moisture 
blend, since the difference in BSF due to the MO effect was found to 
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gradually decrease when the final moisture (MF) was increased from 12 
to 16%. 
The significant interaction of MF, MO and TRT effects on BSF is 
shown in Figures 32 and 33. These plots indicate that differences in 
response of BSF due to MO effect as obtained earlier was, in fact, 
mainly due to the high temperature drying treatment (TRT2). It appears 
that the high temperature air drying had done irrepairable damage to 
the corn samples when dried to a low moisture level (MO), from which 
it did not recover after the conditioning treatment. The figures also 
indicate the advantage of a dryeration or tempering procedure for re­
duction of corn breakage susceptibility when resorting to high tempera­
ture drying. For example, a sample originally dried to a moisture level 
(MO) of 15% by high temperature air and then allowed to dry to 12% 
naturally will have a lower breakage susceptibility value compared to 
the sample dried to 12% moisture level (MO) initially. But for the slow 
air dried samples, MO does not appear to have a pronounced effect ex­
cept for the samples dried to 12% (1984 study. Figure 32). For samples 
at a conditioned moisture level (MF) of 12% and under TRT2, a reduction 
of 4 to 7 percentage points in the breakage susceptibility value was 
observed when samples were originally dried to 18% and then allowed 
to come down to 12% naturally, compared to the samples originally dried 
to 12%. For the samples dried by slow room air drying, the correspond­
ing reduction was about 1 to 1.5 percentage point. 
For the slow room air drying treatment, there was practically no 
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Figure 33. Effects of drydown or original moisture content (MO), 
drying methods, and final moisture content (MF), on 
corn breakage susceptibility (BSF); 1985 corn 
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marked reduction in breakage susceptibility by drying the samples down 
to 18% before conditioning compared to the samples dried to 15% mois­
ture content initially. So, for the slow natural air drying, drying 
down to the 15% moisture level appears to be a safe bet to maintain 
the same breakage susceptibility level at a given final moisture con­
tent. The results, especially from the 1985 study, also indicate that 
the difference in BSF values under TRT2 due to MO effect gradually de­
crease as final moisture (MF) was increased from 12% to 16% (Figure 33). 
Relation between the breakage susceptibility (BSF) and final mois­
ture content (MF) Regression analyses were conducted to generate 
empirical models to describe the final breakage susceptibility (BSF) as 
a function of final moisture content. As in the case of BSO analysis, 
both the quadratic and exponential models were found to fit the data 
adequately (Tables 25 and 26). Since quadratic models showed better 
2 
representation of the data (in terms of R value) than exponential 
models, the quadratic equations were used to express breakage suscepti­
bility (BSF) as a function of final sample moisture content (MF) for 
the samples under each drying treatment (Figures 28 and 29). However, 
no single equation could be used to uniquely quantify the effect of 
sample final moisture content on final breakage susceptibility because 
of variations due to variety, drying methods, and year-to-year variation 
2 in corn breakage susceptibility value (Variety 3). Further, the R 
value dropped considerably when the data from both the years were pooled 
to come up with a generalized model, suggesting that a particular model 
Table 25. Regression models and coefficients measured at final moisture content (MF) and for 
breakage susceptibility (BSF) of corn dried by slow room air drying treatment (TRTl) 
Regression models 
Crop 
year 
BSF = A (MF) +B(MF)^ + D BSF = A ef(MF) BSF = A(MF) +B(MF)^ + C(M0) +D 
Variety A B D R2 A K r2 A B C D R2 
1984 3 —6.6 0.13 77.4 .94 526.8 0.28 .89 —6.6 0.13 -0.13 79.4 .94 
1985 1 -10.8 0.32 93.9 .94 726.7 -0.35 .95 -10.8 0.32 -0.11 95.7 .94 
2 -11.9 0.36 101.5 .88 602.8 -0.34 .83 -11.9 0.36 -0.22 105.3 .90 
3 -6.2 0.16 62.5 .93 685.8 -0.35 .93 -6.2 0.16 -0.12 64.3 .94 
4 -4.9 0.11 52.9 .95 456.3 -0.31 .94 -4.9 0.11 0.04NS^ 52.3 .95 
1985 Pooled 
varieties —8.4 0.23 77.7 .91 608.5 -0.34 .90 —8.4 0.23 -0.10 79.3 .92 
1984 
and 
1985 
Pooled 
-7.5 0.18NS 77.6 .64 559.2 -0.31 .65 -7.5 0.18NS -0.12NS 79.3 .64 
^NS - the coefficient is not significant. 
Table 26. Regression models and coefficients for breakage susceptibility (BSF) of com measured at 
final moisture content (MF) and dried by high temperature air drying treatment (TRT2) 
Regression models 
Crop 
year 
BSF = A(MF) +B(MF)2 + D BSF = A eK(MF) BSF = A(MF) +B(MF)^ + C(MO) +D 
Variety A B D r2 A K A B G D R^ 
1984 3 -11.5 0.24 133.4 .93 659.2 -0.26 .90 -11.5 0.24 -0.76 144.8 .97 
1985 1 -14.9 0.35 154.7 .90 2252,9 -0.37 .87 -14.9 0.35 -0.72 165.5 .95 
2 -9.2 0.18NS 105.7 .86 2045.9 -0.38 .89 -9.2 0.18NS^ -0.74 116.7 .92 
3 -20.6 0.53 200.2 .95 1558.8 -0.33 .94 -20.6 0.53 -0.56 208.6 .97 
4 -12.8 0.29 137.7 .87 1498.5 -0.34 .87 -12.8 0.29 -0.86 150.5 .94 
1985 Pooled 
varieties -14.4 0.34 149.5 .83 1811.8 -0.35 .83 -14.4 0.34 -0.72 160.3 .88 
1984 
and 
1985 
Pooled -12.9 0.29 141.5 .82 1088.8 -0.30 .76 -12.9 0.29 -0.74 152.6 00
 
^NS — the coefficient is found to be not significant. 
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may not be adequate to represent data generated from year to year. 
2 There was a marked Improvement in R value when the effect of 
original moisture was added to the quadratic models, especially for 
samples dried by high temperature air drying treatment (TRT2). This 
was true for all varieties, irrespective of years of study. Therefore, 
the quadratic model with the MO effect included by pooling data sets 
from both years was used to quantify the effect of dry down moisture 
level (MO) on BSF. The coefficient of MO was found to be -0.74, which 
means that for every percentage point increase in dry down moisture 
level (MO), BSF values decrease by 0.74 percentage point if the samples 
are dried by high temperature air (Table 26). 
For the samples under the slow room air drying treatment (TRTl), 
MO had very little effect, and this fact was also reflected in the co­
efficient of MO obtained for the regression equations (Table 25). The 
coefficient of MO from the pooled data of both years was found to be 
2 insignificant. But since the coefficient of the quadratic term (MF) 
was also insignificant, validity of the model to represent the data is 
questionable. So, the average of the coefficients of MO obtained sepa­
rately from the 1984 and 1985 data is used to quantify the effect of 
dry down moisture level (MO) on breakage susceptibility of corn dried 
by slow room air. The average value of the coefficient of MO thus ob­
tained is 0.12. 
Moisture adjustment equation for measurement of breakage susceptibility 
Since none of the regression equations as discussed earlier could 
158 
be used to uniquely quantify the effect of sample moisture (MO or MF) 
on corn breakage susceptibility (BSO or BSF), none of the equations 
could be suggested as a probable moisture adjustment equation for meas­
urement of breakage susceptibility of corn. However, since two data 
sets were produced from each year of study, one for BSO and the other 
for BSF at sample moisture contents of MO and MF, respectively, combina­
tion was possible. The two data sets were combined and subjected to a 
regression analysis to -establish a model which could predict the BSF 
value of a corn sample when the sample with original breakage suscepti­
bility of BSO undergoes a moisture change from its original moisture con­
tent (MO) to a final moisture content (MF). This model can be used as a 
moisture adjustment equation. 
The regression analyses showed that the exponential model of the 
form BSF/BSO = was adequate to represent the experimental 
data. However, the constant A value was found to be close to zero (.005 
to .007) and, therefore, could be neglected. 
The following moisture adjustment equation was obtained from the 
data under TRTl over both years. 
BSF _ 0.33(MO-MF) 
BSO " ® (R^ = .92) 
which can be rewritten as 
BSF = BSO e 0.33(MO-MF) (1) 
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For the data under TRT2 over both years, the moisture adjustment equa­
tion obtained was: 
If = ,0.35WO-m) (^2 . ,90) 
which can be written as 
BSF = BSO eO-35(MO-MF) (2) 
The closeness of 'K' values of 0.33 and 0.35 at equations (1) and (2), 
respectively, suggest that a single moisture correction equation should 
be adequate enough to describe the data under both drying treatments. 
In other words, a common or generalized moisture adjustment equation is 
possible, irrespective of the past history of grain sample, to predict 
the percentage change in breakage susceptibility value resulting from 
changes in grain moisture. Therefore, in order to obtain a generalized 
'K' value the data sets from both years were pooled and after conducting 
the same regression procedure, the following moisture adjustment equation 
was obtained: 
||£.^0.3«(MO-Mr) (R2 . .91) 
which can be written as 
BSF = BSO e0.34(MO-MF) Q) 
Equation (3) may be regarded as the generalized or universal 
moisture adjustment equation, because 91% of all possible variations 
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Including year-to-year variability in the breakage data are accounted 
for by this model. The plot in Figure 34 shows the validity of this 
statement. Each data point in Figure 34 represents the average of 144 
observations. 
If equation (3) is rewritten after substituting e^*^^ by its value 
1.40, the equation becomes 
BSF = BSO(1.40)MO-MF (4) 
Though amazing, equation (4) is exactly the same equation reported by 
Hurburgh (1984 and 1985), and which was discussed in the literature re­
view section. Equation (4) can now be used to quantify the effect of 
sample moisture on corn breakage susceptibility as measured by a Wis­
consin breakage tester. Translated into plain language, equation (4) 
states that a 40% compound increase in breakage susceptibility value is 
expected per one percentage point decrease in sample moisture content. 
Test Weight and Breakage Susceptibility 
The scatter plot between breakage susceptibility and test weight 
is shown in Figure 35. No significant correlation was found between the 
sample test weight and its breakage susceptibility value. Therefore, 
the test weight of a sample cannot be used as a measure of its break­
age susceptibility. 
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Corn Particle Size and Breakage Susceptibility 
The regression analysis conducted to determine the relationship 
between the particle size and breakage susceptibility came up with no 
significant model to correlate the data. The scatter plot in Figure 36 
also suggests no significant correlation between particle size and 
breakage susceptibility. Therefore, it can be concluded that the par­
ticle size is not a function of breakage susceptibility. 
Variability of Wisconsin Breakage Tester 
Variability of the Wisconsin Breakage Tester was determined from 
the average variations observed in the breakage susceptibility measure­
ment of 100 randomly selected samples from each year of the study. The 
variability was found to be about 0.53 percentage point. The coefficient 
of variation (CV) ranged from 0.33% to 23.4% during the 1984 study and 
from 0.52% to 38.7% during the 1985 study. The higher coefficient of 
variation was limited to a few samples only. However, the coefficient 
of variation (CV) appears to be small compared to what Paulsen (1983) 
reported for the Wisconsin Breakage Tester using a 4.76-mm sieve. 
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SUMMARY 
Breakage susceptibility is an important quality characteristic 
of corn traded in international markets because broken corn is the sin­
gle most important factor in downgrading the quality of the corn. 
Several factors, including grain moisture content, drying air tem­
perature and corn variety, are all known to affect breakage suscepti­
bility of corn. It has been observed that breakage susceptibility of 
corn increases with an increase in drying air temperature. Breakage sus­
ceptibility of corn also increases with a decrease in the grain moisture 
level at which breakage measurements are made. Different hybrids or 
varieties have different breakage characteristics. 
Centrifugal Impacters like the Wisconsin Breakage Tester can be 
used to measure the breakage tendency of corn. Since breakage values 
are greatly influenced by grain moisture at the time of breakage measure­
ment, breakage susceptibility of different corn samples with different 
moisture content should be evaluated at a common moisture to allow com­
parisons. This calls for a moisture adjustment factor or equation to 
adjust breakage susceptibility due to difference in moisture content. 
The objective of this study was to quantify the effects of factors 
which influence the breakage susceptibility values of corn as measured 
by Wisconsin Breakage Tester and to derive a moisture correction equa­
tion to adjust the breakage susceptibility value when corn moisture 
changes. 
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This study was conducted over a two-year period. Four corn vari­
eties were tested for breakage susceptibility on the basis of three 
harvest moisture levels, two drying methods, three dry down moisture 
levels and three conditioned moisture levels. The two drying treat­
ments were slow room temperature (about 20°C) air drying and rapid 
high temperature (93.3°C) drying followed by rapid cooling. 
In the analysis of variance, it was shown that sample moisture 
at which breakage susceptibility values were measured, drying method, 
and the combination of these two factors, were responsible for most of 
the variations in the corn breakage susceptibility and all had highly 
significant effects on the breakage values of corn. There were also 
significant effects due to harvest moisture (linear effect only) and 
the dry down moisture content. Further, significant effects of some two 
or three factor interaction terms were also observed. 
The linear effect of harvest moisture was found to be more pro­
nounced in the samples dried by heated air. Samples dried by the na­
tural room air were not affected by the variation in harvest moisture 
level. In the samples dried by heated air, breakage susceptibility 
values Increased by 0.35 percentage point per percent increase in har­
vest moisture content over the range of 23% to 32%. The corn variety 
Ames Best SX37 was not affected by the variation in harvest moisture 
level. 
Breakage susceptibility increased two to three times when samples 
were dried in the heated air. The variety Pioneer 3780 was least sus-
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ceptible to drying damage due to high temperature drying air and the 
variety Pioneer 3720 was most susceptible to the drying damage by heated 
air. 
Either quadratic or exponential models could be used to describe 
the functional relationship between breakage susceptibility and corn 
moisture content. The quadratic and the exponential forms of the equa-
2 -kM tiôns were Y=-AM+BM +D and Y = Ae , respectively. Both types 
of equations were found to adequately describe the data. 
Breakage susceptibility increased as samples were dried to lower 
levels of moisture. This was more pronounced when the samples were dried 
by heated air. The samples dried by the room air were very little af­
fected by the dry down moisture levels. For the samples dried by heated 
air, breakage susceptibility increased by 0.74 percentage point for 
every percent decrease in the dry down moisture levels from 18% to 12%. 
For samples dried by room air, this increase was found to be about 0.12 
percentage point per percent decrease in the dry down moisture levels 
from 15% to 12%. 
A reduction of 4 to 7% point in the breakage susceptibility value 
of the samples dried by heated air was observed when the samples were 
originally dried to 18% moisture content and then allowed to come down 
to 12% moisture content naturally, compared to samples originally dried 
to 12% moisture content. For the samples dried by slow room air, the 
corresponding reduction was about 1 to 1.5% point. Drying down to 18% 
moisture content or drying down to 15% moisture did not make any differ­
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ence in the breakage susceptibility values of the corn samples dried by 
slow room temperature air. 
The varietal difference in breakage susceptibility as such could 
not be established due to the nature of the experimental design. How­
ever, there was strong indication that there exists a difference in 
breakage susceptibility values among varieties. No significant differ­
ence in breakage susceptibility values were observed among the varieties 
studied, when the samples were dried by the room temperature air. How­
ever, Pioneer 3780 was found to be least susceptible to breakage com­
pared to other three varieties and Pioneer 3720 was found to be the most 
susceptible to breakage for the samples dried by heated air. 
The moisture adjustment equation obtained from the study was BSF = 
BSD e0.34(MO MF)^ This equation predicts final breakage susceptibility 
(BSF) from initial breakage susceptibility (BSD) measured at initial 
moisture content (MO), when the grain moisture changes from MO to MF. 
This equation indicates that a 40% compound increase in the breakage 
susceptibility value can be expected when sample moisture decreased by 
one percentage point. 
No significant correlation was found between the sample test weight 
and the breakage susceptibility value. 
Particle size of ground corn was found not to be a function of break­
age susceptibility. 
Variability of the Wisconsin Breakage Tester was small, about 0.53% 
point. Although the coefficient of variation (CV) ranged from .33% to 
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38.7%, the higher coefficient of variation was restricted to a few sam­
ples only. 
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CONCLUSIONS 
From analysis of the data from 576 corn samples, the following con­
clusions were drawn: 
(1) Sample moisture content and drying method are the two 
most important factors determining breakage susceptibility 
of corn. The corn breakage susceptibility values in­
creased by 40% (compounded) when sample moisture decreased 
by one percentage point. Heated air drying followed by 
rapid cooling increased corn breakage susceptibility values 
by a factor of 2 to 3. 
(2) In the samples dried by heated air, corn breakage suscep­
tibility values Increased by 0.35 percentage point per per­
cent increase in harvest moisture over the range of 23% 
to 32%. The breakage susceptibility values were not af­
fected by the harvest moisture in the samples dried by 
natural room air. 
(3) In samples dried by heated air, corn breakage suscepti­
bility values increased by 0.74 percentage point for every 
percent decrease in the dry down moisture level from 18% 
to 12% moisture. For natural air dried samples, drying 
down to 15% appears to be a safe bet to maintain the same 
breakage susceptibility value at a given moisture content. 
(4) A tempering of dryeration procedure can reduce breakage 
susceptibility of corn dried by heated air. A reduction 
of 4 to 7 percentage points in the breakage susceptibility 
could be achieved in heated air dried samples by drying 
the corn to a dry down moisture level of 18% and then 
naturally conditioning it to the 12% moisture level, com­
pared to drying the samples straight to the dry down mois­
ture level of 12%. 
(5) The variety Pioneer 3780 was found to be the least suscep­
tible and the variety Pioneer 3720 the most susceptible 
to breakage when the samples were dried by heated air. 
The varieties Ames Best SX37 and Pioneer 3732 were found 
to have the same breakage susceptibility value under the 
above condition. No significant difference in breakage 
susceptibility was observed among the varieties, when the 
corn samples were dried by room temperature air. 
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(6) Corn breakage susceptibility as measured by a Wisconsin 
Breakage Tester can be expressed as a function of sample 
moisture content by either a quadratic equation of the 
form Y = -A(M) + B(M)2 + D or by an exponential equation 
of the form Y = Ae"k(M)_ 
(7) The generalized or universal moisture adjustment equation 
for the measurement of breakage susceptibility obtained 
was 
BSF = BSO eO'34(MO-MF) 
This equation can be used to predict final corn breakage 
susceptibility value (BSF) for any change of sample mois­
ture content (MO-MF). The equation accounts for 91% of 
total variability in breakage measurement. 
(8) Sample test weight was not a measure of breakage suscep­
tibility. 
(9) Particle size of ground corn was not a function of its 
breakage susceptibility. 
(10) The coefficient of variation of the Wisconsin Breakage 
Tester ranged from 0.33% to 38.7%. 
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APPENDIX A: 1984 CORN DATA 
The legends associated with the data set are as follows: 
F: Fields 
IM: Corn moisture content during harvest, % 
TRT: Drying treatments 
TRT = 1: slow room air drying 
TRT = 2: rapid high temperature drying and cooling 
MO: Sample moisture content after the drying treatment, 
% 
MF: Sample moisture content after conditioning, % 
BSO: % breakage susceptibility measured at MO levels 
BSO: % breakage susceptibility measured at MF levels 
REP : Replication 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
181 
IM TRT MO REP BSO MF BSF 
12 1 18.72 12 18.75 
12 2 19.23 12 19.02 
12 3 19.05 12 18.85 
12 1 18.72 14 12.92 
12 2 19.23 14 13.41 
12 3 19.05 14 12.66 
12 1 18.72 16 5.37 
12 2 19.23 16 5.88 
12 3 19.05 16 6.80 
15 1 8.69 12 16.64 
15 2 9.16 12 15.96 
15 3 9.94 12 16.20 
15 1 8.69 14 10.46 
15 2 9.16 14 11.64 
15 3 9.94 14 11.23 
15 1 8.69 16 4.71 
15 2 9.16 16 5.04 
15 3 9.94 16 4.50 
18 1 3.00 12 16.53 
18 2 3.63 12 15.89 
18 3 3.28 12 15.76 
18 1 3.00 14 10.83 
18 2 3.63 14 11.37 
18 3 3.28 14 11.70 
18 1 3.00 16 5.05 
18 2 3.63 16 5.87 
18 3 3.28 16 5.06 
12 1 18.11 12 19.32 
12 2 19.56 12 19.21 
12 3 18.70 12 19.31 
12 1 18.11 14 11.22 
12 2 19.56 14 11.80 
12 3 18.70 14 10.08 
12 1 18.11 16 8.22 
12 2 19.56 16 8.66 
12 3 18.70 16 8.55 
15 1 8.84 12 17.08 
15 2 9.01 12 17.56 
15 3 9.78 12 17.44 
15 1 8.84 14 12.22 
15 2 9.01 14 10.70 
15 3 9.78 14 11.80 
15 1 8.84 16 4.80 
15 2 9.01 16 4.56 
15 3 9.78 16 4.11 
182 
F IM TRT MO REP BSD MF BSF 
2 29.54 1 18 1 3.06 12 16.64 
2 29.54 1 18 2 3.97 12 16.94 
2 29.54 1 18 3 3.09 12 15.80 
2 29.54 1 18 1 3.06 14 11.20 
2 29.54 1 18 2 3.97 14 11.14 
2 29.54 1 18 3 3.09 14 10.83 
2 29.54 1 18 1 3.06 16 5.56 
2 29.54 1 18 2 3.97 16 5.67 
2 29.54 1 18 3 3.09 16 5.14 
3 30.45 1 12 1 20.24 12 19.56 
3 30.45 12 2 19.88 12 19.63 
3 30.45 1 12 3 19.60 12 19.18 
3 30.45 1 12 1 20.24 14 10.83 
3 30.45 1 12 2 19.88 14 10.97 
3 30.45 1 12 3 19.60 14 11.57 
3 30.45 1 12 1 20.24 16 7.58 
3 30.45 1 12 2 19.88 16 7.23 
3 30.45 1 12 3 19.60 16 7.59 
3 30.45 1 15 1 7.33 12 15.99 
3 30.45 1 15 2 7.58 12 15.57 
3 30.45 1 15 3 7.51 12 16.53 
3 30.45 1 15 1 7.33 14 10.60 
3 30.45 1 15 2 7.58 14 10.97 
3 30.45 1 15 3 7.51 14 11.23 
3 30.45 1 15 1 7.33 16 5.77 
3 30.45 1 15 2 7.58 16 3.63 
3 30.45 1 15 3 7.51 16 4.44 
3 30.45 1 18 1 3.63 12 16.33 
3 30.45 1 18 2 3.18 12 16.18 
3 30.45 1 18 3 3.18 12 15.93 
3 30.45 1 18 1 3.63 14 11.88 
3 30.45 1 18 2 3.18 14 11.47 
3 30.45 1 18 3 3.18 14 11.72 
3 30.45 1 18 1 3.63 16 3.95 
3 30.45 1 18 2 3.18 16 4.37 
3 30.45 1 18 3 3.18 16 3.91 
4 31.87 1 12 1 15.79 12 15.81 
4 31.87 1 12 2 16.34 12 15.80 
4 31.87 1 12 3 15.86 12 16.44 
4 31.87 1 12 1 15.79 14 11.41 
4 31.87 1 12 2 16.34 14 12.39 
4 31.87 1 12 3 15.86 14 12.80 
4 31.87 1 12 1 15.79 16 5.46 
4 31.87 1 12 2 16.34 16 5.28 
4 31.87 1 12 3 15.86 16 5.05 
F 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
183 
IM TRT MO REP BSO MF BSF 
31.87 1 15 1 7.06 12 17.33 
31.87 1 15 2 7.13 12 17.24 
31.87 1 15 3 7.11 12 17.54 
31.87 1 15 1 7.06 14 11.35 
31.87 1 15 2 7.13 14 12.00 
31.87 1 15 3 7.11 14 11.50 
31.87 1 15 1 7.06 16 6.15 
31.87 1 15 2 7.13 16 5.92 
31.87 1 15 3 7.11 16 5.83 
31.87 1 18 1 2.49 12 16.02 
31.87 1 18 2 2.69 12 16.23 
31.87 1 18 3 3.50 12 15.91 
31.87 1 18 1 2.49 14 10.30 
31.87 1 18 2 2.69 14 10.61 
31.87 1 18 3 3.50 14 10.08 
31.87 1 18 1 2.49 16 3.66 
31.87 1 18 2 2.69 16 4.00 
31.87 1 18 3 3.50 16 3.39 
25.53 1 12 1 18.91 12 18.97 
25.53 1 12 2 19.27 12 18.98 
25.53 1 12 3 18.83 12 19.28 
25.53 1 12 1 18.91 14 11.27 
25.53 1 12 2 19.27 14 11.24 
25.53 1 12 3 18.83 14 10.74 
25.53 1 12 1 18.91 16 5.73 
25.53 1 12 2 19.27 16 5.77 
25.53 1 12 3 18.83 16 5.96 
25.53 1 15 1 7.90 12 17.77 
25.53 1 15 2 9.11 12 18.23 
25.53 1 15 3 9.77 12 17.76 
25.53 1 15 1 7.90 14 10.34 
25.53 1 15 2 9.11 14 10.26 
25.53 15 3 9.77 14 10.66 
25.53 1 15 1 7.90 16 4.66 
25.53 1 15 2 9.11 16 4.97 
25.53 1 15 3 9.77 16 4.69 
25.53 1 18 1 3.08 12 17.26 
25.53 1 18 2 3.44 12 17.17 
25.53 1 18 3 3.38 12 . 16.74 
25.53 1 18 1 3.08 14 10.63 
25.53 1 18 2 3.44 14 9.36 
25.53 1 18 3 3.38 14 8.80 
25.53 1 18 1 3.08 16 7.47 
25.53 1 18 2 3.44 16 6.14 
25.53 1 18 3 3.38 16 6.91 
F 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
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IM TRT MO REP BSO MF BSF 
25.47 1 12 1 17.09 12 16.63 
25.47 1 12 2 17.55 12 17.84 
25.47 1 12 3 17.62 12 19.03 
25.47 1 12 1 17.09 14 10.84 
25.47 1 12 2 17.55 14 10.08 
25.47 1 12 3 17.62 14 10.23 
25.47 1 12 1 17.09 16 7.23 
25.47 1 12 2 17.55 16 6.41 
25.47 1 12 3 17.62 16 6.42 
25.47 1 15 1 8.75 12 16.03 
25.47 1 15 2 9.50 12 15.93 
25.47 1 15 3 9.29 12 15.86 
25.47 1 15 1 8.75 14 10.09 
25.47 1 15 2 9.50 14 10.16 
25.47 1 15 3 9.29 14 9.88 
25.47 1 15 1 8.75 16 4.11 
25.47 1 15 2 9.50 16 5.22 
25.47 1 15 3 9.29 16 5.08 
25.47 18 1 3.13 12 15.93 
25.47 1 18 2 2.84 12 15.83 
25.47 1 18 3 3.44 12 15.96 
25.47 1 18 1 3.13 14 11.37 
25.47 1 18 2 2.84 14 11.94 
25.47 1 18 3 3.44 • 14 12.65 
25.47 1 18 1 3.13 16 7.97 
25.47 1 18 2 2.84 16 7.13 
25.47 1 18 3 3.44 16 6.89 
25.43 1 12 1 17.16 12 18.43 
25.43 1 12 2 17.01 12 17.14 
25.43 1 12 3 16.95 12 17.77 
25.43 1 12 1 17.16 14 10.63 
25.43 1 12 2 17.01 14 10.91 
25.43 1 12 3 16.95 14 10.69 
25.43 1 12 1 17.16 16 6.18 
25.43 1 12 2 17.01 16 5.65 
25.43 1 12 3 16.95 16 5.26 
25.43 1 15 1 9.17 12 16.96 
25.43 1 15 2 9.01 12 17.10 
25.43 1 15 3 8.92 12 17.35 
25.43 1 15 1 9.17 14 12.20 
25.43 1 15 2 9.01 14 11.00 
25.43 15 3 8.92 14 12.05 
25.43 1 15 1 9.17 16 4.97 
25.43 1 15 2 9.01 16 5.20 
25.43 1 15 3 8.92 16 5.29 
F 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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IM TRT MO REP BSC MF BSF 
25.43 1 18 1 3.15 12 17.11 
25.43 1 18 2 3.79 12 16.82 
25.43 1 18 3 2.99 12 17.12 
25.43 1 18 1 3.15 14 10.95 
25.43 1 18 2 3.79 14 10.29 
25.43 1 18 3 2.99 14 11.26 
25.43 1 18 1 3.15 16 6.75 
25.43 1 18 2 3.79 16 7.25 
25.43 1 18 3 2.99 16 7.18 
25.50 1 12 1 16.93 12 17.39 
25.50 1 12 2 17.08 12 17.51 
25.50 12 3 17.12 12 17.16 
25.50 1 12 1 16.93 14 10.63 
25.50 1 12 2 17.08 14 10.74 
25.50 1 12 3 17.12 14 10.53 
25.50 1 12 1 16.93 16 6.88 
25.50 1 12 2 17.08 16 8.22 
25.50 1 12 3 17.12 16 8.08 
25.50 15 1 8.86 12 15.82 
25.50 1 15 2 8.76 12 15.38 
25.50 1 15 3 9.24 12 14.40 
25.50 1 15 1 8.86 14 11.11 
25.50 1 15 2 8.76 14 11.09 
25.50 1 15 3 9.24 14 11.14 
25.50 1 15 1 8.86 16 5.99 
25.50 1 15 2 8.76 16 5.56 
25.50 1 15 3 9.24 16 4.90 
25.50 1 18 1 2.85 12 17.47 
25.50 1 18 2 3.48 12 17.85 
25.50 1 18 3 2.83 12 17.40 
25.50 1 18 1 2.85 14 9.37 
25.50 1 18 2 3.48 14 9.17 
25.50 1 18 3 2.83 14 9.17 
25.50 1 18 1 2.85 16 5.93 
25.50 1 18 2 3.48 16 5.33 
25.50 1 18 3 2.83 16 5.66 
23.86 1 12 1 18.88 12 18.40 
23.86 1 12 2 20.08 12 18.83 
23.86 1 12 3 18.38 12 17.94 
23.86 1 12 1 18.88 14 11.43 
23.86 1 12 2 20.08 14 11.49 
23.86 1 12 3 18.38 14 9.32 
23.86 1 12 1 18.88 16 6.08 
23.86 1 12 2 20.08 16 6.22 
23.86 1 12 3 18.38 16 5.96 
F 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
186 
IM TRT MO REP BSO MF BSF 
23.86 1 15 1 6.77 12 17.21 
23.86 1 15 2 6.56 12 17.93 
23.86 1 15 3 6.63 12 17.62 
23.86 1 15 1 6.77 14 10.49 
23.86 1 15 2 6.56 14 10.89 
23.86 1 15 3 6.63 14 9.17 
23.86 1 15 1 6.77 16 4.88 
23.86 1 15 2 6.56 16 4.86 
23.86 1 15 3 6.63 16 5.96 
23.86 1 18 1 3.70 12 18.31 
23.86 1 18 2 3.15 12 16.77 
23.86 1 18 3 2.64 12 16.96 
23.86 1 18 1 3.70 14 11.96 
23.86 1 18 2 3.15 14 11.36 
23.86 1 18 3 2.64 14 11.71 
23.86 1 18 1 3.70 16 3.85 
23.86 1 18 2 3.15 16 4.55 
23.86 1 18 3 2.64 16 4.19 
23.63 1 12 1 17.18 12 17.83 
23.63 1 12 2 17.05 12 16.57 
23.63 1 12 3 18.36 12 17.30 
23.63 1 12 1 17.18 14 12.65 
23.63 1 12 2 17.05 14 12.68 
23.63 1 12 3 18.36 14 12.24 
23.63 1 12 1 17.18 16 3.51 
23.63 1 12 2 17.05 16 3.66 
23.63 1 12 3 18.36 16 3.13 
23.63 1 15 1 6.28 12 18.04 
23.63 1 15 2 6.33 12 16.92 
23.63 1 15 3 6.75 12 16.72 
23.63 1 15 1 6.28 14 10.13 
23.63 1 15 2 6.33 14 10.52 
23.63 1 15 3 6.75 14 10.89 
23.63 1 15 1 6.28 16 4.03 
23.63 1 15 2 6.33 16 4.45 
23.63 1 15 3 6.75 16 4.34 
23.63 1 18 1 3.08 12 17.20 
23.63 1 18 2 2.95 12 18.27 
23.63 1 18 3 2.00 12 16.79 
23.63 1 18 1 3.08 14 10.62 
23.63 1 18 2 2.95 14 9.13 
23.63 1 18 3 2.00 14 10.17 
23.63 1 18 1 3.08 16 6.44 
23.63 1 18 2 2.95 16 6.51 
23.63 1 18 3 2.00 16 6.24 
F 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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IM TRT MO REP BSD MF BSF 
23.47 1 12 1 22.83 12 22.00 
23.47 1 12 2 22.62 12 22.64 
23.47 1 12 3 22.78 12 21.82 
23.47 1 12 1 22.83 14 10.27 
23.47 1 12 2 22.62 14 10.01 
23.47 1 12 3 22.78 14 9.92 
23.47 1 12 1 22.83 16 5.54 
23.47 1 12 2 22.62 16 6.09 
23.47 12 3 22.78 16 6.52 
23.47 1 15 1 9.64 12 16.02 
23.47 1 15 2 9.98 12 15.69 
23.47 1 15 3 9.93 12 16.25 
23.47 15 1 9.64 14 11.61 
23.47 1 15 2 9.98 14 12.11 
23.47 15 3 9.93 14 12.84 
23.47 1 15 1 9.64 16 5.16 
23.47 1 15 2 9.98 16 5.14 
23.47 1 15 3 9.93 16 5.26 
23.47 1 18 1 3.00 12 16.15 
23.47 1 18 2 3.19 12 16.18 
23.47 1 18 3 3.34 12 15.87 
23.47 1 18 1 3.00 14 • 11.14 
23.47 1 18 2 3.19 14 11.90 
23.47 1 18 3 3.34 14 12.66 
23.47 1 18 1 3.00 16 8.45 
23.47 1 18 2 3.19 16 7.21 
23.47 1 18 3 3.34 16 7.27 
23.70 1 12 1 16.87 12 18.11 
23.70 1 12 2 17.33 12 17.44 
23.70 1 12 3 17.85 12 17.20 
23.70 1 12 1 16.87 14 11.64 
23.70 12 2 17.33 14 11.94 
23.70 1 12 3 17.85 14 11.89 
23.70 1 12 1 16.87 16 5.32 
23.70 1 12 2 17.33 16 5.65 
23.70 1 12 3 17.85 16 6.27 
23.70 1 15 1 9.48 12 16.16 
23.70 1 15 2 8.71 12 16.06 
23.70 1 15 3 8.83 12 16.88 
23.70 1 15 1 9.48 14 8.64 
23.70 1 15 2 8.71 14 8.88 
23.70 1 15 3 8.83 14 8.27 
23.70 1 15 1 9.48 16 5.22 
23.70 1 15 2 8.71 16 5.31 
23.70 1 15 3 8.83 16 4.66 
188 
F IM TRT MO 
4 23.70 1 18 
4 23.70 1 18 
4 23.70 1 18 
4 23.70 1 18 
4 23.70 1 18 
4 23.70 1 18 
4 23.70 1 18 
4 23.70 1 18 
4 23.70 1 18 
30.59 2 12 
30.59 2 12 
30.59 2 12 
30.59 2 12 
30.59 2 12 
30.59 2 12 
30.59 2 12 
30.59 2 12 
30.59 2 12 
30.59 2 15 
30.59 2 15 
30.59 2 15 
30.59 2 15 
30.59 2 15 
30.59 2 15 
30.59 2 15 
30.59 2 15 
30.59 2 15 
30.59 2 18 
30.59 2 18 
30.59 2 18 
30.59 2 18 
30.59 2 18 
30.59 2 18 
30.59 2 18 
30.59 2 18 
30.59 2 18 
2 29.54 2 12 
2 29.54 2 12 
2 29.54 2 12 
2 29.54 2 12 
2 29.54 2 12 
2 29.54 2 12 
2 29.54 2 12 
2 29.54 2 12 
2 29.54 2 12 
BSO MF BSF 
2.98 12 18.89 
2.95 12 17.05 
3.54 12 18.00 
2.98 14 10.29 
2.95 14 10.46 
3.54 14 10.07 
2.98 16 8.07 
2.95 16 8.62 
3.54 16 8.11 
33.43 12 32.34 
34.17 12 32.93 
32.77 12 32.72 
33.43 14 24.67 
34.17 14 24.62 
32.77 14 23.51 
33.43 16 14.76 
34.17 16 14.48 
32.77 16 13.32 
14.94 12 30.47 
15.28 12 30.99 
17.79 12 30.79 
14.94 14 19.62 
15.28 14 20.49 
17.79 14 20.51 
14.94 16 12.82 
15.28 16 10.80 
17.79 16 8.83 
3.99 12 27.20 
5.74 12 26.76 
4.42 12 26.70 
3.99 14 18.40 
5.74 14 19.25 
4.42 14 19.62 
3.99 16 10.12 
5.74 16 9.65 
4.42 16 10.54 
31.88 12 33.49 
31.40 12 32.77 
33.01 12 . 31.79 
31.88 14 22.33 
31.40 14 23.76 
33.01 14 23.11 
31.88 16 12.86 
31.40 16 13.77 
33.01 16 12.41 
REP 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
189 
IM TRT MO REP BSO 
29.54 2 15 1 17.01 
29.54 2 15 2 16.49 
29.54 2 15 3 16.17 
29.54 2 15 1 17.01 
29.54 2 15 2 16.49 
29.54 2 15 3 16.17 
29.54 2 15 1 17.01 
29.54 2 15 2 16.49 
29.54 2 15 3 16.17 
29.54 2 18 1 4.65 
29.54 2 18 2 4.26 
29.54 2 18 3 4.40 
29.54 2 18 1 4.65 
29.54 2 18 2 4.26 
29.54 2 18 3 4.40 
29.54 2 18 1 4.65 
29.54 2 18 2 4.26 
29.54 2 18 3 4.40 
30.45 2 12 1 36.98 
30.45 2 12 2 36.17 
30.45 2 12 3 36.13 
30.45 2 12 1 36.98 
30.45 2 12 2 36.17 
30.45 2 12 3 36.13 
30.45 2 12 1 36.98 
30.45 2 12 2 36.17 
30.45 2 12 3 36.13 
30.45 2 15 1 17.70 
30.45 2 15 2 18.04 
30.45 2 15 3 19.19 
30.45 2 15 1 17.70 
30.45 2 15 2 18.04 
30.45 2 15 3 19.19 
30.45 2 15 1 17.70 
30.45 2 15 2 18.04 
30.45 2 15 3 19.19 
30.45 2 18 1 7.57 
30.45 2 18 2 7.84 
30.45 2 18 3 7.79 
30.45 2 18 1 7.57 
30.45 2 18 2 7.84 
30.45 2 18 3 7.79 
30.45 2 18 1 7.57 
30.45 2 18 2 7.84 
30.45 2 18 3 7.79 
BSF 
31.53 
30.66 
31.26 
18.90 
19.77 
19.73 
9.75 
11.33 
10.14 
27.79 
28.00 
28.71 
16.74 
16.03 
15.74 
9.37 
9.17 
8.21  
34.88 
35.02 
35.28 
23.14 
22.43 
21.98 
11.23 
14.11 
13.86 
30.01 
30.49 
31.05 
17.89 
18.53 
18.58 
1 1 . 2 0  
1 1 . 6 2  
11.31 
28.76 
28.92 
29.21 
14.79 
14.28 
15.24 
10.15 
1 1 . 6 2  
10.63 
MF 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12  
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
190 
IM TRT MO REP BSD 
31.87 2 12 1 31.92 
31.87 2 12 2 32.20 
31.87 2 12 3 31.86 
31.87 2 12 1 31.92 
31.87 2 12 2 32.20 
31.87 2 12 3 31.86 
31.87 2 12 1 31.92 
31.87 2 12 2 32.20 
31.87 2 12 3 31.86 
31.87 2 15 1 18.76 
31.87 2 15 2 18.55 
31.87 2 15 3 20.06 
31.87 2 15 1 18.76 
31.87 2 15 2 18.55 
31.87 2 15 3 20.06 
31.87 2 15 1 18.76 
31.87 2 15 2 18.55 
31.87 2 15 3 20.06 
31.87 2 18 1 6.09 
31.87 2 18 2 6.20 
31.87 2 18 3 7.15 
31.87 2 18 1 6.09 
31.87 2 18 2 6.20 
31.87 2 18 3 7.15 
31.87 2 18 1 6.09 
31.87 2 18 2 6.20 
31.87 2 18 3 7.15 
25.53 2 12 1 31.26 
25.53 2 12 2 31.28 
25.53 2 12 3 31.45 
25.53 2 12 1 31.26 
25.53 2 12 2 31.28 
25.53 2 12 3 31.45 
25.53 2 12 1 31.26 
25.53 2 12 2 31.28 
25.53 2 12 3 31.45 
25.53 2 15 1 14.84 
25.53 2 15 2 15.28 
25.53 2 15 3 15.27 
25.53 2 15 1 14.84 
25.53 2 15 2 15.28 
25.53 2 15 3 15.27 
25.53 2 15 1 14.84 
25.53 2 15 2 15.28 
25.53 2 15 3 15.27 
BSF 
31.69 
31.79 
31.25 
20.64 
22.15 
21.70 
13.67 
13.47 
14.47 
31.26 
29.36 
29.39 
18.52 
19.49 
18.93 
10.89 
10.52 
10.13 
29.16 
28.95 
28.58 
14.99 
17.18 
16.55 
11.27 
8.55 
9.57 
32.02 
32.24 
31.57 
23.65 
22.22  
23.53 
12.00 
12.40 
13.08 
30.49 
30.80 
29.17 
18.14 
19.45 
18.44 
9.94 
10.34 
9.57 
MF 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
191 
IM TRT MO REP BSD 
25.53 2 18 1 4.63 
25.53 2 18 2 4.97 
25.53 2 18 3 4.52 
25.53 2 18 1 4.63 
25.53 2 18 2 4.97 
25.53 2 18 3 4.52 
25.53 2 18 1 4.63 
25.53 2 18 2 4.97 
25.53 2 18 3 4.52 
25.47 2 12 1 31.09 
25.47 2 12 2 31.03 
25.47 2 12 3 31.66 
25.47 2 12 1 31.09 
25.47 2 12 2 31.03 
25.47 2 12 3 31.66 
25.47 2 12 1 31.09 
25.47 2 12 2 31.03 
25.47 2 12 3 31.66 
25.47 2 15 1 16.14 
25.47 2 15 2 15.06 
25.47 2 15 3 15.54 
25.47 2 15 1 16.14 
25.47 2 15 2 15.06 
25.47 2 15 3 15.54 
25.47 2 15 1 16.14 
25.47 2 15 2 15.06 
25.47 2 15 3 15.54 
25.47 2 18 1 3.87 
25.47 2 18 2 3.69 
25.47 2 18 3 3.94 
25.47 2 18 1 3.87 
25.47 2 18 2 3.69 
25.47 2 18 3 3.94 
25.47 2 18 1 3.87 
25.47 2 18 2 3.69 
25.47 2 18 3 3.94 
25.43 2 12 1 32.68 
25.43 2 12 2 30.99 
25.43 2 12 3 31.15 
25.43 2 12 1 32.68 
25.43 2 12 2 30.99 
25.43 2 12 3 31.15 
25.43 2 12 1 32.68 
25.43 2 12 2 30.99 
25.43 2 12 3 31.15 
BSF 
27.14 
27.47 
27.23 
15.26 
16.05 
15.58 
7.35 
7.95 
7.24 
32.25 
31.59 
32.32 
22.45 
23.04 
23.30 
13.76 
13.89 
13.07 
29.84 
28.85 
29.29 
22.90 
21.96 
20.24 
9.78 
10.41 
10.15 
28.70 
27.85 
28.28 
16 .60  
15.43 
15.79 
9.29 
10.00 
9.78 
30.51 
30.98 
29.91 
22.78 
22.08 
20.81 
14.47 
12.25 
14.02 
MF 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
192 
IM TRT MO 
25.43 2 15 
25.43 2 15 
25.43 2 15 
25.43 2 15 
25.43 2 15 
25.43 2 15 
25.43 2 15 
25.43 2 15 
25.43 2 15 
25.43 2 18 
25.43 2 18 
25.43 2 18 
25.43 2 18 
25.43 2 18 
25.43 2 18 
25.43 2 18 
25.43 2 18 
25.43 2 18 
25.50 2 12 
25.50 2 12 
25.50 2 12 
25.50 2 12 
25.50 2 12 
25.50 2 12 
25.50 2 12 
25.50 2 12 
25.50 2 12 
25.50 2 15 
25.50 2 15 
25.50 2 15 
25.50 2 15 
25.50 2 15 
25.50 2 15 
25.50 2 15 
25.50 2 15 
25.50 2 15 
25.50 2 18 
25.50 2 18 
25.50 2 18 
25.50 2 18 
25.50 2 18 
25.50 2 18 
25.50 2 18 
25.50 2 18 
25.50 2 18 
BSO MF BSF 
14.54 12 30.39 
14.42 12 29.88 
14.65 12 29.89 
14.54 14 18.29 
14.42 14 18.23 
14.65 14 18.48 
14.54 16 10.09 
14.42 16 10.11 
14.65 16 10.26 
3.79 12 28.68 
3.15 12 27.91 
2.99 12 26.98 
3.79 14 15.16 
3.15 14 16.96 
2.99 14 15.46 
3.79 16 9.06 
3.15 16 8.50 
2.99 16 9.09 
30.85 12 31.57 
30.85 12 31.41 
30.42 12 30.87 
30.85 14 22.07 
30.85 14 23.56 
30.42 14 22.68 
30.85 16 12.49 
30.85 16 12.72 
30.42 16 13.18 
15.81 12 31.11 
16.49 12 31.03 
15.93 12 30.78 
15.81 14 21.43 
16.49 14 21.90 
15.93 14 20.48 
15.81 16 10.76 
16.49 16 10.00 
15.93 16 10.21 
4.62 12 28.06 
4.67 12 27.30 
5.43 12 27.65 
4.62 14 19.06 
4.67 14 19.46 
5.43 14 19.24 
4.62 16 9.27 
4.67 16 9.90 
5.43 16 9.83 
REP 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
193 
IM TRT MO 
23.86 2 12 
23.86 2 12 
23.86 2 12 
23.86 2 12 
23.86 2 12 
23.86 2 12 
23.86 2 12 
23.86 2 12 
23.86 2 12 
23.86 2 15 
23.86 2 15 
23.86 2 15 
23.86 2 15 
23.86 2 15 
23.86 2 15 
23.86 2 15 
23.86 2 15 
23.86 2 15 
23.86 2 18 
23.86 2 18 
23.86 2 18 
23.86 2 18 
23.86 2 18 
23.86 2 18 
23.86 2 18 
23.86 2 18 
23.86 2 18 
23.63 2 12 
23.63 2 12 
23.63 2 12 
23.63 2 12 
23.63 2 12 
23.63 2 12 
23.63 2 12 
23.63 2 12 
23.63 2 12 
23.63 2 15 
23.63 2 15 
23.63 2 15 
23.63 2 15 
23.63 2 15 
23.63 2 15 
23.63 2 15 
23.63 2 15 
23.63 2 15 
BSO MF BSF 
31.06 12 30.87 
30.80 12 31.23 
31.79 12 31.08 
31.06 14 22.85 
30.80 14 20.64 
31.79 14 22.62 
31.06 16 12.45 
30.80 16 12.93 
31.79 16 11.86 
13.86 12 31.12 
12.75 12 29.86 
14.27 12 30.41 
13.86 14 20.05 
12.75 14 19.31 
14.27 14 20.17 
13.86 16 10.63 
12.75 16 10.84 
14.27 16 11.15 
1.95 12 29.25 
1.85 12 28.73 
2.75 12 28.00 
1.95 14 18.81 
1.85 14 16.08 
2.75 14 15.66 
1.95 16 6.86 
1.85 16 7.81 
2.75 16 8.50 
31.02 12 32.99 
33.09 12 33.38 
30.83 12 32.65 
31.02 14 21.96 
33.09 14 21.65 
30.83 14 21.99 
31.02 16 12.19 
33.09 16 12.54 
30.83 16 12.43 
14.15 12 29.22 
14.12 12 30.92 
14.34 12 . 30.97 
14.15 14 22.35 
14.12 14 21.71 
14.34 14 20.42 
14.15 16 12.83 
14.12 16 11.12 
14.34 16 11.24 
REP 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
194 
IM TRT MO 
23.63 2 18 
23.63 2 18 
23.63 2 18 
23.63 2 18 
23.63 2 18 
23.63 2 18 
23.63 2 18 
23.63 2 18 
23.63 2 18 
23.47 2 12 
23.47 2 12 
23.47 2 12 
23.47 2 12 
23.47 2 12 
23.47 2 12 
23.47 2 12 
23.47 2 12 
23.47 2 12 
23.47 2 15 
23.47 2 15 
23.47 2 15 
23.47 2 15 
23.47 2 15 
23.47 2 15 
23.47 2 15 
23.47 2 15 
23.47 2 15 
23.47 2 18 
23.47 2 18 
23.47 2 18 
23.47 2 18 
23.47 2 18 
23.47 2 18 
23.47 2 18 
23.47 2 18 
23.47 2 18 
23.70 2 12 
23.70 2 12 
23.70 2 12 
23.70 2 12 
23.70 2 12 
23.70 2 12 
23.70 2 12 
23.70 2 12 
BSO , MF BSF 
4.42 12 29.00 
4.16 12 29.63 
4.33 12 29.33 
4.42 14 15.24 
4.16 14 14.70 
4.33 14 15.43 
4.42 16 7.74 
4.16 16 8.69 
4.33 16 8.92 
33.00 12 33.25 
32.31 12 31.11 
30.93 12 30.96 
33.00 14 19.40 
32.31 14 21.99 
30.93 14 19.51 
33.00 16 12.10 
32.31 16 11.88 
30.93 16 12.74 
14.13 12 29.12 
14.41 12 28.66 
13.92 12 28.07 
14.13 14 20.86 
14.41 14 21.50 
13.92 14 22.07 
14.13 16 12.17 
14.41 16 11.79 
13.92 16 11.47 
2.19 12 28.43 . 
3.07 12 28.75 
2.80 12 28.42 
2.19 14 15.70 
3.07 14 16.17 
2.80 14 16.05 
2.19 16 9.36 
3.07 16 10.73 
2.80 16 10.33 
30.89 12 31.31 
29.21 12 30.90 
27.79 12 30.92 
30.89 14 20.76 
29.21 14 22.98 
27.79 14 20.52 
30.89 16 12.29 
29.21 16 12.71 
REP 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
F 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
195 
IM TRT MO REP BSC 
23.70 2 12 3 27.79 
23.70 2 15 1 15.03 
23.70 2 15 2 17.15 
23.70 2 15 3 15.24 
23.70 2 15 1 15.03 
23.70 2 15 2 17.15 
23.70 2 15 3 15.24 
23.70 2 15 1 15.03 
23.70 2 15 2 17.15 
23.70 2 15 3 15.24 
23.70 2 18 1 1.82 
23.70 2 18 2 2.12 
23.70 2 18 3 2.05 
23.70 2 18 1 1.82 
23.70 2 18 2 2.12 
23.70 2 18 3 2.05 
23.70 2 18 1 1.82 
23.70 2 18 2 2.12 
23.70 2 18 3 2.05 
BSF 
11.41 
27.65 
29.10 
28.09 
20.92 
21.80 
20.67 
12.04 
11.38 
11.15 
27.53 
27.68 
27.51 
16.02 
14.38 
15.29 
7.52 
7.44 
9.26 
MF 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
12 
12 
12 
14 
14 
14 
16 
16 
16 
196 
APPENDIX B: 1985 CORN DATA 
The legends associated with the data set are as follows: 
V: Corn varieties 
V = 1: Ames Best SX37 
V = 2: Pioneer 3780 
V = 3: Pioneer 3720 
V = 4: Pioneer 3732 
IM: Corn moisture content during harvest, % 
TRT: Drying treatments 
TRT = 2 : slow room air drying 
TRT = 2: rapid high temperature air drying 
and cooling 
MO: Sample moisture content after drying, % 
MF; Sample moisture content after conditioning, % 
TW: Sample test weight, Ib/bu 
GAC: Sample moisture content measured by DICKEY john GAC II 
moisture meter, T 
BSO: % breakage susceptibility measured at MO levels 
BSF: % breakage susceptibility measured at MF levels 
PSAE: Particle size of ground corn, microns 
REP; Replication 
V 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
197 
IM TRT MO MF TW GAC REP BSC BSF PSAE 
30.86 1 12 62.30 12.3 1 10.20 249.0 
30.86 1 12 12.3 2 10.16 
30.86 1 12 12.2 3 11.00 
30.86 1 15 60.14 14.7 1 3.48 304.2 
30.86 1 15 15.0 2 3.68 
30.86 1 15 14.9 3 4.24 
30.86 1 18 ! 58^45 18.6 1 0.68 ! 335.4 
30.86 1 18 18.4 2 0.68 
30.86 1 18 18.6 3 0.80 
29.29 1 12 !  51.15 12.1 1 11.97 226.4 
29.29 1 12 12.0 2 12.74 
29.29 1 12 11.9 3 12.66 
29.29 1 15 55.88 14.8 1 3.64 ! 251.5 
29.29 1 15 14.9 2 4.13 
29.29 1 15 15.1 3 3.92 
29.29 1 18 53.89 18.7 1 1.08 248.4 
29.29 18 18.7 2 0.72 
29.29 1 18 18.7 3 1.40 
33.52 1 12 ! 58.77 12.1 1 11.17 ! 216.6 
33.52 1 12 12.5 2 10.62 
33.52 1 12 12.3 3 11.34 
33.52 1 15 ! 58.49 14.9 1 4.47 ! 245.0 
33.52 1 15 14.6 2 5.07 
33.52 1 15 14.7 3 5.13 
33.52 1 18 56.82 18.0 1 0.76 247.2 
33.52 1 18 18.1 2 1.12 
33.52 1 18 18.1 3 1.44 
31.45 1 12 59.40 12.6 1 9.96 235.8 
31.45 1 12 12.4 2 10.50 
31.45 1 12 12.6 3 10.18 
31.45 1 15 58.63 14.8 1 4,20 265.2 
31.45 1 15 15.0 2 4.38 
31.45 1 15 15.0 3 4.58 
31.45 1 18 58.60 17.6 1 1.73 285.5 
31.45 1 18 17.9 2 1.95 
31.45 1 18 17.8 3 2.35 
30.86 2 18 ! 56.79 18.2 1 2.17 
30.86 2 18 18.3 2 2.64 
30.86 2 18 18.5 3 2.24 
30.86 2 15 ! 58!48 14.5 1 10.32 ! 292.1 
30.86 2 15 14.4 2 11.59 
30.86 2 15 14.4 3 11.80 
30.86 2 12 56.88 11.5 1 30.54 298.8 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
198 
IM TRT MO MF TW GAC REP BSC BSF PSAE 
30.86 2 12 11.6 2 30.18 
30.86 2 12 11.7 3 29.21 
29.29 2 18 53.88 18.3 1 2.32 254^5 
29.29 2 18 18.2 2 2.16 
29.29 2 18 18.0 3 2.04 
29.29 2 15 55.14 15.1 1 8.28 241.5 
29.29 2 15 15.2 2 7.45 
29.29 2 15 15.0 3 8.20 
29.29 2 12 53.87 11.5 1 26.14 241.7 
29.29 2 12 11.7- 2 27.92 
29.29 2 12 11.5 3 28.03 
33.52 2 18 55.09 19.4 1 2.20 285.6 
33.52 2 18 19.5 2 1.64 
33.52 2 18 19.8 3 1.44 
33.52 2 15 56.88 13.8 1 16.16 266.2 
33.52 2 15 14.3 2 15.18 
33.52 2 15 14.1 3 15.57 
33.52 2 12 55.59 11.3 1 39.62 242.2 
33.52 2 12 11.5 2 40.35 • . 
33.52 2 12 11.3 3 38.81 
31.45 2 18 54.07 18.2 1 1.92 
31.45 2 18 18.2 2 2.24 
31.45 2 18 18.3 3 1.72 
31.45 2 15 54.50 13.9 1 17.27 
31.45 2 15 14.0 2 17.51 
31.45 2 15 14.0 3 17.93 
31.45 2 12 55.64 11.4 1 29.96 
31.45 2 12 11.5 2 29.30 
31.45 2 12 11.5 3 30.44 
26.96 1 18 57.18 18.3 1 1.04 
26.96 1 18 18.3 2 0.48 
26.96 1 18 18.3 3 1.08 
26.96 1 15 .' 61.51 14.9 1 3.12 321.8 
26.96 1 15 15.0 2 3.36 
26.96 1 15 15.0 3 3.36 
26.96 1 12 61.95 12.4 1 10.76 
26.96 1 12 12.4 2 10.08 
26.96 1 12 12.3 3 10.40 
26.06 1 18 56.84 17.9 1 1.44 258.2 
26.06 1 18 18.0 2 1.28 
26.06 1 18 18.3 3 2.16 
26.06 1 15 57.65 14.9 1 3.68 244.2 
26.06 1 15 15.2 2 2.96 
26.06 1 15 15.0 3 4.48 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
199 
IM TRT MO MF TW GAC REP BSO 
26.06 1 12 57.48 11.8 1 13.29 
26.06 1 12 11.9 2 11.66 
26.06 1 12 11.7 3 12.58 
28.62 1 18 58.13 18.0 1 0.84 
28.62 1 18 17.9 2 0.92 
28.62 1 18 17.9 3 1.16 
28.62 1 15 5 9 , 5 5  15.2 1 3.52 
28.62 1 15 15.0 2 3.44 
28.62 1 15 15.0 3 3.20 
28.62 1 12 60.19 11.8 1 9.65 
28.62 1 12 12.1 2 12.32 
28.62 1 12 12.1 3 10.36 
27.46 1 18 57.74 18.6 1 1.68 
27.46 1 18 18.3 2 1.28 
27.46 1 18 18.3 3 1.12 
27.46 1 15 ] 59!71 14.8 1 4.56 
27.46 1 15 15.1 2 4.37 
27.46 1 15 15.4 3 4.28 
27.46 1 12 60.26 12.6 1 9.24 
27.46 1 12 12.5 2 11.00 
27.46 1 12 12.5 3 9.32 
26.96 2 18 56.69 18.8 1 1.41 
26.96 2 18 18.8 2 1.80 
26.96 2 18 18.8 3 1.56 
26.96 2 15 56.60 14.5 1 8.92 
26.96 2 15 14.5 2 10.52 
26.96 2 15 14.6 3 10.00 
26.96 2 12 55^47 12.0 1 28.27 
26.96 2 12 12.0 2 28.71 
26.96 2 12 12.0 3 28.64 
26.06 2 18 53.62 19.1 1 1.24 
26.06 2 18 19.0 2 1.32 
26.06 2 18 19.1 3 0.96 
26.06 2 15 ! 54.92 14.7 1 6.68 
26.06 2 15 14.6 2 8.53 
26.06 2 15 14.9 3 5.25 
26.06 2 12 54.17 11.2 1 25.49 
26.06 2 12 11.3 2 25.35 
26.06 2 12 11.5 3 24.73 
28.62 2 18 ! 55135 18.1 1 2.20 
28.62 2 18 18.0 2 2.04 
28.62 2 18 18.1 3 1.84 
28.62 2 15 55.77 14.0 1 14.49 
28.62 2 15 14.1 2 13.88 
PSAE 
243.6 
4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
200 
IM TRT MO MF TW GAC 
28.62 2 15 14.0 
28.62 2 12 57.39 12.0 
28.62 2 12 12.0 
28.62 2 12 11.9 
27.46 2 18 ! 55.45 19.0 
27.46 2 18 18.9 
27.46 2 18 19.0 
27.46 2 15 56.14 15.0 
27.46 2 15 15.0 
27.46 2 15 15.1 
27.46 2 12 54.94 11.9 
27.46 2 12 11.9 
27.46 2 12 11.9 
24,68 1 18 59.69 18.3 
24.68 1 18 18.3 
24.68 1 18 18.3 
24.68 1 15 62.03 14.8 
24.68 1 15 14.5 
24.68 1 15 14.6 
24.68 1 12 62.45 12.3 
24.68 1 12 12.1 
24.68 1 12 12.0 
23.64 1 18 58.28 17.9 
23.64 1 18 17.9 
23.64 1 18 17.9 
23.64 1 15 60.14 14.8 
23.64 1 15 14.7 
23.64 1 15 14.7 
23.64 12 61.51 12.3 
23.64 1 12 12.1 
23.64 1 12 12.3 
25.93 1 18 57.80 18.3 
25.93 1 18 18.3 
25.93 1 18 18.3 
25.93 1 15 60.46 15.2 
25.93 1 15 15.1 
25.93 1 15 15.2 
25.93 1 12 60.94 12.4 
25.93 1 12 12.4 
25.93 1 12 12.3 
25.34 1 12 61.12 12.4 
25.34 1 12 12.4 
25.34 1 12 12.5 
25.34 1 15 59.73 15.1 
BSO BSF PSAE 
13.33 
33.83 
33.52 
34.13 
1.72 
1.84 
1 . 6 0  
1 1 . 2 8  
1 1 . 2 0  
- 11.04 
30.45 
30.32 
29.97 
1 . 0 0  
0.48 
1 . 0 8  
3.33 . 340.7 
3.34 
3.30 
11.21 . 274.6 
11.32 
1 1 . 1 8  
0.36 
0.76 
0.76 
2 . 1 6  
3.08 
2.80 
11.04 
- 11.25 
10.84 
0.32 
0.36 
0.88 
2.52 
3.12 
2.76 . 
9.13 . 290.9 
8.00 
9.13 
10.08 
9.61 
9.28 
4.24 
REP 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
201 
IM TRT MO MF TW GAC REP BSC 
25.34 1 15 15.1 2 4.12 
25.34 1 15 15.1 3 4.36 
25.34 1 18 58^12 18.1 1 1.12 
25.34 1 18 18.1 2 0.88 
25.34 1 18 18.1 3 0.84 
24.68 2 18 59! 26 17.5 1 2.00 
24.68 2 18 17.5 2 2.00 
24.68 2 18 17.5 3 2.00 
24.68 2 15 59.30 13.9 1 12.80 
24.68 2 15 13.9 2 12.52 
24.68 2 15 13.9 3 12.73 
24.68 2 • 12 59.44 11.7 1 30.17 
24.68 2 12 11.7 2 29.49 
24.68 2 12 • 11.7 3 29.09 
23.64 2 18 57.36 18.6 1 0.88 
23.64 2 18 18.6 2 0.92 
23.64 2 18 18.6 3 1.00 
23.64 2 15 58.58 15.2 1 5.76 
23.64 2 15 15.2 2 5.72 
23.64 2 15 15.2 3 5.52 
23.64 2 12 59.14 11.7 1 24.14 
23.64 2 12 11.7 2 23.48 
23.64 2 12 11.7 3 23.62 
25.93 2 18 57.94 17.9 1, 2.08 
25.93 2 18 17.9 2 2.16 
25.93 2 18 17.9 3 1.88 
25.93 2 15 57.97 14.1 1 16.41 
25.93 2 15 14.1 2 17.28 
25.93 2 15 14.1 3 17.16 
25.93 2 12 57.99 12.0 1 28.85 
25.93 2 12 12.0 2 27.89 
25.93 2 12 12.0 3 28.76 
25.34 2 18 57.22 19.1 1 1.44 
25.34 2 18 19.1 2 1.12 
25.34 2 18 19.1 3 1.20 
25.34 2 15 57!51 14.3 1 13.98 
25.34 2 15 14.3 2 13.53 
25.34 2 15 14.3 3 12.60 
25.34 2 12 57.03 11.1 1 30.14 
25.34 2 12 11.1 2 28.78 
25.34 2 12 11.1 3 29.08 
30.86 1 18 12 6U45 12.4 1 . 
30.86 1 18 12 12.4 2 . 
30.86 1 18 12 12.4 3 . 
PSAE 
64 
45 
56 
244 
202 
V IM TRT MO MF TW GAC REP BSO BSF PSAE 
30.86 1 18 14 61.33 13.8 1 5.12 294.4 
1 30.86 1 18 14 14.2 2 3.68 
1 30.86 1 18 14 13.8 3 4.25 
1 30.86 1 18 16 60.42 16.0 1 2.40 336.7 
1 30.86 1 18 16 15.7 2 2.56 
1 30.86 1 18 16 16.0 3 3.36 
1 30.86 1 15 12 60.98 12.2 1 10.09 249.9 
1 30.86 1 15 12 11.9 2 10.96 
1 30.86 1 15 12 12.0 3 9.61 
1 30.86 1 15 14 61^55 14.4 1 5.16 292.3 
1 30.86 1 15 14 14.4 2 5.20 
1 30.86 1 15 14 14.1 3 4.76 
1 30.86 1 15 16 60.02 15.4 1 2.64 312.0 
1 30.86 1 15 16 15.1 2 2.24 
1 30.86 1 15 16 15.6 3 2.96 
1 30.86 1 12 12 62^44 11.9 1 10.28 224.1 
1 30.86 1 12 12 12.4 2 10.14 
1 30.86 1 12 12 12.2 3 11.77 
1 30.86 1 12 14 61.68 13.6 1 6.08 281.4 
1 30.86 1 12 14 13.8 2 6.69 
1 30.86 1 12 14 13.8 3 6.37 
1 30.86 1 12 16 60.24 15.8 1 3.04 
1 30.86 1 12 16 15.7 2 2.40 
1 30.86 1 12 16 15.8 3 2.92 
2 29.29 1 18 12 57.67 12.0 1 10.21 209.5 
2 29.29 1 18 12 11.9 2 10.08 
2 29.29 1 18 12 11.9 3 9.92 
2 29.29 1 18 14 56.70 14.3 1 4.64 
2 29.29 1 18 14 14.1 2 4.96 
2 29.29 1 18 14 14.1 3 4.52 
2 29.29 1 18 16 55.83 15.7 1 2.84 234.6 
2 29.29 1 18 16 15.4 2 2.32 
2 29.29 1 18 16 15.7 3 3.44 
2 29.29 1 15 12 57.60 11.6 1 11.08 221.8 
2 29.29 1 15 12 12.0 2 10.76 
2 29.29 1 15 12 12.0 3 11.00 
2 29.29 1 15 14 56.67 14.0 1 5.88 256.0 
2 29.29 1 15 14 13.9 2 5.61 
2 29.29 1 15 14 13.8 3 5.00 
2 29.29 1 15 16 55.79 15.6 1 3.24 221.4 
2 29.29 1 15 16 15.9 2 3.64 
2 29.29 1 15 16 15.7 3 3.80 
2 29.29 1 12 12 57!69 12.1 1 12.48 190.6 
2 29.29 1 12 12 12.1 2 13.50 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
203 
IM TRT MO MF TW GAC REP BSC BSF PSAE 
29.29 1 12 12 12.0 3 . 13.08 
29.29 1 12 14 56.72 13.9 1 . 5.12 273.8 
29.29 1 12 14 14.1 2 5.00 
29.29 1 12 14 14.0 3 . 5.64 
29.29 1 12 16 56.05 15.5 1 4.80 263.3 
29.29 1 12 16 15.7 2 3.24 
29.29 1 12 16 15.7 3 4.32 
33.52 1 18 12 58.46 12.0 1 8.96 232.6 
33.52 1 18 12 11.7 2 9.92 
33.52 1 18 12 11.8 3 9.55 
33.52 1 18 14 59.11 13.9 1 5.77 275.5 
33.52 1 18 14 14.1 2 6.30 
33.52 1 18 14 14.0 3 5.33 
33.52 1 18 16 58.03 16.0 1 1.76 236.5 
33.52 1 18 16 16.0 2 1.96 
33.52 1 18 16 15.9 3 2.64 
33.52 1 15 12 59.30 12.4 1 . 10.32 230.2 
33.52 1 15 12 12.5 2 . 10.17 
33.52 1 15 12 12.3 3 . 10.12 
33.52 1 15 14 58.90 13.9 1 5.15 175.7 
33.52 1 15 14 14.3 2 6.69 
33.52 1 15 14 14.0 3 5.60 
33.52 1 15 16 58.11 16.1 1 2.83 287.5 
33.52 1 15 16 16.1 2 2.81 
33.52 1 15 16 15.8 3 3.61 
33.52 1 12 12 58^64 12.2 1 . 11.09 241.2 
33.52 1 12 12 12.*» 2 . 10.97 
33.52 1 12 12 12.4 3 . 10.73 
33.52 1 12 14 58!87 13.9 1 7.65 277.3 
33.52 1 12 14 14.3 2 8.02 
33.52 1 12 14 14.1 3 7.32 
33.52 1 12 16 58! 16 16.1 1 3.32 292.8 
33.52 1 12 16 16.0 2 3.52 
33.52 1 12 16 15.9 3 3.44 
31.45 1 18 12 59.88 12.4 1 . 10.25 231.7 
31.45 1 18 12 12.0 2 . 10.32 
31.45 1 18 12 12.2 3 . 10.05 
31.45 1 18 14 58.82 14.5 1 5.40 255.6 
31.45 1 18 14 14.3 2 . 4.63 
31.45 1 18 14 14.1 3 5.50 
31.45 1 18 16 58.30 16.0 1 2.48 267.3 
31.45 1 18 16 15.9 2 3.29 
31.45 1 18 16 16.2 3 2.24 
31.45 1 15 12 59.08 12.7 1 . 9.17 257.5 
204 
V IM TRT MO MF 
4 31.45 1 15 12 
4 31.45 1 15 12 
4 31.45 1 15 14 
4 31.45 1 15 14 
4 31.45 1 15 14 
4 31.45 1 15 16 
4 31.45 1 15 16 
4 31.45 1 15 16 
4 31.45 1 12 12 
4 31.45 1 12 12 
4 31.45 1 12 12 
4 31.45 1 12 14 
4 31.45 1 12 14 
4 31.45 1 12 14 
4 31.45 1 12 16 
4 31.45 1 12 16 
4 31.45 1 12 16 
30.86 2 18 12 
30.86 2 18 12 
30.86 2 18 12 
30.86 2 18 14 
30.86 2 18 14 
30.86 2 18 14 
30.86 2 18 16 
30.86 2 18 16 
30.86 2 18 16 
30.86 2 15 12 
30.86 2 15 12 
30.86 2 15 12 
30.86 2 15 14 
30.86 2 15 14 
30.86 2 15 14 
30.86 2 15 16 
30.86 2 15 16 
30.86 2 15 16 
30.86 2 12 12 
30.86 2 12 12 
30.86 2 12 12 
30.86 2 12 14 
30.86 2 12 14 
30.86 2 12 14 
30.86 2 12 16 
30.86 2 12 16 
30.86 2 12 16 
TW 
59 
57 
59 
58 
57 
58 
58 
58 
57 
56 
56 
56 
57 
56 
02 
37 
18 
99 
39 
78 
10 
29 
83 
52 
03 
79 
42 
02 
GAC REP BSD- BSF PSAE 
13.0 2 . 8.19 
12.7 3 8.81 
14.1 1 . 5.96 259.7 
14.1 2 6.01 
14.2 3 5.31 
15.7 1 3.21 263.3 
15.9 2 2.88 
15.9 3 2.52 
12.2 1 8.85 221.7 
12.3 2 9.86 
12.4 3 . 10.00 
14.1 1 5.28 248.6 
14.3 2 6.32 
14.2 3 5.92 
16.0 1 2.92 265.2 
15.8 2 3.34 
15.8 3 2.42 
12.4 1 . 22.92 256.5 
12.3 2 . 24.52 
12.3 3 . 24.56 
14.2 1 . 10.88 
14.2 2 9.48 
14.2 3 . 11.76 
15.8 1 3.72 294.9 
16.1 2 4.08 
16.1 3 4.76 
11.8 1 . 27.44 
11.7 2 . 27.98 
11.8 3 . 27.21 
13.9 1 . 11.84 316.6 
13.9 2 . 13.09 
13.8 3 . 14.00 
15.5 1 8.77 
15.5 2 8.56 
15.5 3 8.72 
11.8 1 . 28.41 
11.8 2 . 29.55 
11.8 3 . 28.82 
13.9 1 . 17.92 
14.0 2 . 18.69 
14.0 3 . 18.82 
15.1 1 9.68 
15.4 2 9.48 
15.4 3 9.01 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
205 
IM TRT MO MF TW GAC REP BSO BSF PSAE 
29.29 2 18 12 55.75 12.1 1 . 17.94 228.2 
29.29 2 18 12 12.2 2 . 16.33 
29.29 2 18 12 12.0 3 . 17.48 
29.29 2 18 14 55.30 13.6 1 . 11.88 221.9 
29.29 2 18 14 13.7 2 . 12.29 
29.29 2 18 14 13.7 3 . 12.24 
29.29 2 18 16 54.74 16.0 1 4.97 218.0 
29.29 2 18 16 15.9 2 .' 4.92 
29.29 2 18 16 15.9 3 4.44 
29.29 2 15 12 54.11 11.9 1 . 20.50 235.5 
29.29 2 15 12 12.0 2 . 19.85 
29.29 2 15 12 11.8 3 . 21.31 
29.29 2 15 14 54.39 13.5 1 . 13.45 249.5 
29.29 2 15 14 13.7 2 . 12.38 
29.29 2 15 14 13.6 3 . 12.04 
29.29 2 15 16 54.46 16.1 1 5.12 245.8 
29.29 2 15 16 16.2 2 4.84 
29.29 2 15 16 16.0 3 5.12 
29.29 2 12 12 53.70 11.3 1 . 28.38 242.3 
29.29 2 12 12 11.6 2 . 26.78 
29.29 2 12 12 11.8 3 . 28.01 
29.29 2 12 14 54.01 13.5 1 . 13.89 230.2 
29.29 2 12 14 13.5 2 . 14.05 
29.29 2 12 14 13.5 3 . 13.89 
29.29 2 12 16 53.23 15.7 1 6.33 228.4 
29.29 2 12 16 15.5 2 7.08 
29.29 2 12 16 15.6 3 6.52 
33.52 2 18 12 56.71 11.4 1 . 31.76 252.8 
33.52 2 18 12 11.5 2 . 28.47 
33.52 2 18 12 11.6 3 . 28.49 
33.52 2 18 14 56.00 13.9 1 . 17.24 247.5 
33.52 2 18 14 13.8 2 . 16.04 
33.52 2 18 14 13.9 3 . 17.48 
33.52 2 18 16 56.02 15.7 1 7.64 282.8 
33.52 2 18 16 15.7 2 6.92 
33.52 2 18 16 15.8 3 7.09 
33.52 2 15 12 57.00 11.8 1 . 31.68 246.9 
33.52 2 15 12 11.7 2 . 31.27 
33.52 2 15 12 11.7 3 . 31.81 
33.52 2 15 14 56.69 13.6 1 . 19.89 297.1 
33.52 2 15 14 13.6 2 . 19.41 
33.52 2 15 14 13.6 3 . 18.05 
33.52 2 15 16 55.30 15.8 1 . 10.32 288.3 
33.52 2 15 16 15.9 2 9.92 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
206 
MO MF TW GAC REP BSO BSF 
15 16 15.8 3 9.08 
12 12 55.61 11.7 1 . 37.51 
12 12 11.6 2 . 36.09 
12 12 11.4 3 . 35.13 
12 14 55.42 13.9 1 . 19.46 
12 14 13.8 2 . 20.85 
12 14 13.8 3 . 21.02 
12 16 55.61 15.6 1 . 11.84 
12 16 15.8 2 . 11.04 
12 16 15,7 3 . 10.65 
18 12 58.58 11.6 1 . 19.12 
18 12 11.5 2 . 19.26 
18 12 11.7 3 . 18.81 
18 14 57.13 13.8 1 . 12.00 
18 14 13.7 2 . 12.44 
18 14 13.7 3 . 13.32 
18 16 56.17 15.7 1 5.77 
18 16 15.7 2 6.72 
18 16 15.8 3 5.80 
15 12 55.28 12.1 1 . 27.06 
15 12 12.0 2 . 28.31 
15 12 12.0 3 . 27.44 
15 14 54.94 14.3 1 . 12.96 
15 14 14.3 2 . 13.30 
15 14 14.3 3 . 13.93 
15 16 55.48 16.1 1 6.48 
15 16 16.1 2 6.08 
15 16 16.1 3 6.05 
12 12 55.78 11.5 1 . 29.52 
12 12 11.6 2 . 31.81 
12 12 11.7 3 . 30.40 
12 14 55.86 13.3 1 . 19.41 
12 14 13.4 2 . 19.16 
12 14 13.5 3 . 18.24 
12 16 54.77 14.9 1 8.49 
12 16 14.9 2 8.73 
12 16 14.8 3 9.52 
18 12 61.13 12.0 1 9.28 
18 12 12.0 2 9,56 
18 12 12.0 3 . 9.95 
18 14 60.38 13.8 1 5.52 
18 14 13.8 2 6.20 
18 14 13.8 3 6.68 
18 16 59!71 16.0 1 1.96 
PSAE 
235 
230 
293 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
207 
IM TRT MO MF TW GAC REP BSO BSF PSAE 
18 16 16.0 2 2.20 
18 16 16.0 3 2.20 
15 12 62.01 11.5 1 . 13.01 274.9 
15 12 11.8 2 . 11.87 
15 12 11.6 3 . 12.49 
15 14 61.03 14.2 1 5.16 
15 14 14.2 2 4.96 
15 14 14.2 3 5.04 
15 16 60.57 16.0 1 2.56 327.7 
15 16 16.1 2 2.08 
15 16 16.2 3 1.92 
12 12 61.12 12.1 1 . 10.76 
12 12 12.1 2 . 10.28 
12 12 12.1 3 . 10.25 
12 14 61.28 14.2 1 5.04 
12 14 14.3 2 4.52 
12 14 14.4 3 4.96 
12 16 59.93 15.4 1 2.96 
12 16 15.4 2 1.96 
12 16 15.4 3 3.12 
18 12 58.33 12.5 1 . 10.80 221.5 
18 12 12.5 2 8.16 
18 12 12.4 3 . 10.29 
18 14 57.97 14.1 1 6.08 276.3 
18 14 13.9 2 5.64 
18 14 14.2 3 5.28 
18 16 57.27 16.1 1 2.24 244.3 
18 16 16.0 2 3.24 
18 16 15.9 3 2.36 
15 12 58.01 11.7 1 . 11.28 226.2 
15 12 12.3 2 9.81 
15 12 11.9 3 9.25 
15 14 57.96 13.7 1 5.32 248.8 
15 14 14.3 2 5.16 
15 14 14.1 3 5.09 
15 16 57.39 15.7 1 2.48 242.7 
15 16 15.6 2 2.12 
15 16 15.6 3 2.76 
12 12 57.60 11.7 1 . 12.64 240.7 
12 12 11.9 2 . 11.97 
12 12 11.6 3 . 11.49 
12 14 57.56 13.7 1 . 6.77 250.5 
12 14 13.8 2 7.32 
12 14 13.6 3 7.13 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
208 
IM TRT MO MF TW GAC REP BSO BSF PSAE 
26.06 1 12 16 56.67 15.6 1 4.41 250.7 
26.06 1 12 16 15.9 2 3.96 
26.06 1 12 16 15.9 3 3.36 
28.62 1 18 12 61.48 12.2 1 . 10.96 285.8 
28.62 1 18 12 12.3 2 . 10.94 
28.62 1 18 12 12.1 3 . 11.44 
28.62 1 18 14 60.01 14.4 1 5.00 
28.62 1 18 14 14.0 2 5.40 
28.62 1 18 14 14.0 3 5.56 
28.62 1 18 16 59.73 15.8 1 2.44 307.0 
28.62 1 18 16 16.0 2 2.56 
28.62 1 18 16 16.2 3 2.40 
28.62 1 15 12 60.21 12.4 1 8.85 235.9 
28.62 1 15 12 12.2 2 9.24 
28.62 1 15 12 12.4 3 . 10.88 
28.62 1 15 14 59.35 14.3 1 5.00 286.9 
28.62 1 15 14 14.3 2 5.04 
28.62 1 15 14 14.2 3 5.56 
28.62 1 15 16 58.80 15.8 1 2.28 330.9 
28.62 1 15 16 15.8 2 2.76 
28.62 1 15 16 15.8 3 2.68 
28.62 1 12 12 59.86 11.9 1 . 11.21 249.7 
28.62 1 12 12 11.8 2 . 11.57 
28.62 1 12 12 11.9 3 . 11.29 
28.62 1 12 14 59.40 14.1 1 5.28 275.9 
28.62 1 12 14 13.9 2 5.68 
28.62 1 12 14 13.9 3 5.96 
28.62 1 12 16 58.54 16.1 1 2.24 
28.62 1 12 16 16.0 2 2.40 
28.62 1 12 16 16.3 3 2.56 
27.46 1 18 12 60.72 11.9 1 . 10.76 290.9 
27.46 1 18 12 12.2 2 . 11.41 
27.46 1 18 12 12.1 3 . 10.88 
27.46 1 18 14 60.39 13.7 1 5.76 293.1 
27.46 1 18 14 13.7 2 7.00 
27.46 1 18 14 13.7 3 6.29 
27.46 1 18 16 58.94 16.0 1 2.80 277.4 
27.46 1 18 16 16.1 2 3.52 
27.46 1 18 16 15.9 3 3.12 
27.46 1 15 12 60.34 11.9 1 . 10.45 242.4 
27.46 1 15 12 11.9 2 . 11.64 
27.46 1 15 . 12 11.7 3 . 11.89 
27.46 1 15 14 60.05 14.0 1 7.44 281.7 
27.46 1 15 14 13.9 2 6.68 
V 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
2 
2 
2 
2 
209 
IM TRT MO MF TW GAC REP BSC BSF 
27.46 1 15 14 14.1 3 6.92 
27.46 1 15 16 59.23 15.4 1 3.00 
27.46 1 15 16 16.0 2 . 2.92 
27.46 1 15 16 15.8 3 2.56 
27.46 1 12 12 60.43 12.6 1 . 10.37 
27.46 1 12 12 12.8 2 9.05 
27.46 1 12 12 12.4 3 9.77 
27.46 1 12 14 60.19 14.1 1 5.92 
27.46 1 12 14 14.1 2 7.28 
27.46 1 12 14 14.2 3 6.24 
27.46 1 12 16 58.68 15.7 1 3.28 
27.46 1 12 16 15.7 2 2.76 
27.46 1 12 16 15.7 3 2.84 
26.96 2 18 16 58.73 16.2 1 4.76 
26.96 2 18 16 16.2 2 4.68 
26.96 2 18 16 16.1 3 4.72 
26.96 2 18 14 58.74 14.6 1 . 11.22 
26.96 2 18 14 14.7 2 . 10.81 
26.96 2 18 14 14.4 3 . 12.33 
26.96 2 18 12 59.16 12.0 1 . 26.30 
26.96 2 18 12 12.2 2 . 26.64 
26.96 2 18 12 12.1 3 . 26.34 
26.96 2 15 16 56 .*91 15.1 • 1 7.17 
26.96 2 15 16 15.0 2 8.16 
26.96 2 15 16 15.1 3 6.85 
26.96 2 15 14 57.36 13.4 1 . 16.33 
26.96 2 15 14 13.4 2 . 15.97 
26.96 2 15 14 13.4 3 . 16.16 
26.96 2 15 12 57.77 11.9 1 . 28.56 
26.96 2 15 12 12.1 2 . 27.18 
26.96 2 15 12 12.1 3 . 27.02 
26.96 2 12 16 56.12 15.5 1 7.36 
26.96 2 12 16 15.4 2 7.84 
26.96 2 12 16 15.5 3 7.84 
26.96 2 12 14 56.81 13.3 1 . 21.77 
26.96 2 12 14 13.3 2 . 21.83 
26.96 2 12 14 13.4 3 . 21.07 
26.96 2 12 12 55^13 12.1 1 . 28.52 
26.96 2 12 12 12.1 2 . 28.81 
26.96 2 12 12 12.0 3 . 28.71 
26.06 2 18 12 56ul3 11.6 1 . 18.29 
26.06 2 18 12 11.7 2 . 17.97 
26.06 2 18 12 11.8 3 . 17.32 
26.06 2 18 14 55.60 13.0 1 . 12.91 
PSAE 
291 
240 
308 
297 
295 
253 
251 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
210 
IM TRT MO MF TW GAC REP BSD BSF 
26.06 2 18 14 13.2 2 . 12.41 
26.06 2 18 14 13.1 3 . 12.84 
26.06 2 18 16 54^83 16.0 1 4.04 
26.06 2 18 16 15.9 2 4.57 
26.06 2 18 16 16.0 3 4.12 
26.06 2 15 12 54.70 11.9 1 . 20.10 
26.06 2 15 12 12.0 2 . 19.77 
26.06 2 15 12 12.1 3 . 18.96 
26.06 2 15 14 54.68 13.6 1 . 11.00 
26.06 2 15 14 13.7 2 . 11.04 
26.06 2 15 14 13.7 3 . 11.37 
26.06 2 15 16 53.65 16.0 1 4.64 
26.06 2 15 16 16.0 2 5.20 
26.06 2 15 16 15.9 3 4.96 
26.06 2 12 12 54.25 11.3 1 . 25.75 
26.06 2 12 12 11.5 2 . 25.15 
26.06 2 12 12 11.4 3 . 25.88 
26.06 2 12 14 54.56 13.6 1 . 13.53 
26.06 2 12 14 13.3 2 . 14.09 
26.06 2 12 14 13.4 3 . 14.01 
26.06 2 12 16 53.90 15.5 1 5.48 
26.06 2 12 16 15.5 2 5.60 
26.06 2 12 16 15.6 3 . 5.24 
28.62 2 18 16 56.45 15.7 1 7.80 
28.62 2 18 16 15.6 2 8.16 
28.62 2 18 16 15.3 3 8.60 
28.62 2 18 14 57.23 13.7 1 . 15.05 
28.62 2 18 14 13.6 2 . 14.96 
28.62 2 18 14 13.8 3 . 14.73 
28.62 2 18 12 57.78 11.8 1 . 28.00 
28.62 2 18 12 12.0 2 . 26.77 
28.62 2 18 12 12.1 3 . 25.53 
28.62 2 15 16 54.96 15.6 1 8.84 
28.62 2 15 16 15.6 2 8.52 
28.62 2 15 16 15.7 3 9.44 
28.62 2 15 14 56.65 13.5 1 . 16.05 
28.62 2 15 14 13.4 2 . 17.25 
28.62 2 15 14 13.3 3 . 18.40 
28.62 2 15 12 5 1 . 5 9  11.4 1 ' . 32.43 
28.62 2 15 12 11.3 2 . 33.29 
28.62 2 15 12 11.4 3 . 32.92 
28.62 2 12 12 5 1 . 2 9  11.7 1 . 34.52 
28.62 2 12 12 11.9 2 . 33.25 
28.62 2 12 12 11.8 3 . 33.68 
PSAE 
261 
285 
V 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
211 
IM TRT MO MF TW GAC 
28.62 2 12 14 57.89 13.8 
28.62 2 12 14 13.7 
28.62 2 12 14 13.6 
28.62 2 12 16 56.17 15.6 
28.62 2 12 16 15.5 
28.62 2 12 16 15.6 
27.46 2 18 16 56.75 16.5 
27.46 2 18 16 16.5 
27.46 2 18 16 16.5 
27.46 2 18 14 57.05 13.6 
27.46 2 18 14 13.6 
27.46 2 18 14 13.6 
27.46 2 18 12 57.22 11.8 
27.46 2 18 12 11.8 
27.46 2 18 12 11.8 
27.46 2 15 16 56.40 15.2 
27.46 2 15 16 15.2 
27.46 2 15 16 15.2 
27.46 2 15 14 55.80 13.4 
27.46 2 15 14 13.4 
27.46 2 15 14 13.4 
27.46 2 15 12 55.86 11.7 
27.46 2 15 12 11.7 
27.46 2 15 12 11.7 
27.46 2 12 12 55.33 10.8 
27.46 2 12 12 11.4 
27.46 2 12 12 11.5 
27.46 2 12 14 55.42 13.0 
27.46 2 12 14 13.0 
27.46 2 12 14 13.0 
27.46 2 12 16 55.10 15.7 
27.46 2 12 16 15.8 
27.46 2 12 16 15.8 
24.68 1 18 12 62.02 11.9 
24.68 1 18 12 11.9 
24.68 1 18 12 11.8 
24.68 1 18 14 62.29 14.4 
24.68 1 18 14 14.1 
24.68 1 18 14 14.4 
24.68 1 18 16 61.03 15.7 
24.68 1 18 16 15.7 
24.68 1 18 16 15.7 
24.68 1 15 12 62.09 12.0 
24.68 1 15 12 12.1 
BSO BSF PSAE 
. 16.96 
. 18.09 
. 18.40 
9.24 
9.52 
9.12 
5.68 
5.92 
5.96 
. 14.96 
. 14.08 
. 14.12 
. 21.89 
. 20.40 
. 20.94 
9.48 
9.16 
9.56 
,  16 .88  
. 17.01 
. 17.09 
. 28.80 
. 26.81 
. 27.00 
. 29.08 
. 30.32 
. 29.97 
. 18.52 
. 17.08 
. 18.29 
9.25 
8.72 
9.24 
8 .60  
9.48 
9.76 
5.17 315.9 
4.12 
4.97 
2.16 
2.64 
2.64 
9.60 
9.04 
REP 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
V 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
212 
IM TRT MO MF TW GAC REP BSC BSF 
24.68 1 15 12 12.0 3 9.60 
24.68 1 15 14 61.87 14.2 1 . 4.25 
24.68 1 15 14 14.2 2 4.57 
24.68 1 15 14 14.1 3 4.78 
24.68 1 15 16 60.43 15.8 1 . 2.40 
24.68 1 15 16 15.8 2 2.04 
24.68 1 15 16 15.8 3 2.09 
24.68 1 12 12 62.65 12.2 1 . 11.49 
24.68 1 12 12 12.1 2 . 10.37 
24.68 1 12 12 11.8 3 . 11.84 
24.68 1 12 14 6I!72 14.0 1 4.61 
24.68 1 12 14 14.0 2 4.72 
24.68 1 12 14 14.0 3 4.65 
24.68 1 12 16 61.42 15.8 1 2.68 
24.68 1 12 16 15.8 2 2.24 
24.68 1 12 16 15.8 3 2.44 
23.64 1 18 12 60.86 12.0 1 7.96 
23.64 1 18 12 12.0 2 7.96 
23.64 1 18 12 12.1 3 7.20 
23.64 1 18 14 60.90 14.3 1 4.21 
23.64 1 18 14 14.2 2 4.49 
23.64 1 18 14 14.3 3 4.32 
23.64 1 18 16 59.94 15.9 1 1.32 
23.64 1 18 16 15.9 2 1.44 
23.64 1 18 16 15.8 3 1.72 
23.64 1 15 12 61.22 11.6 1 9.63 
23.64 1 15 12 11.9 2 9.86 
23.64 1 15 12 11.8 3 9.34 
23.64 1 15 14 60.46 14.0 1 5.36 
23.64 1 15 14 14.0 2 4.96 
23.64 1 15 14 14.0 3 5.12 
23.64 1 15 16 59.39 16.2 1 2.12 
23.64 1 15 16 16.2 2 1.96 
23.64 1 15 16 16.2 3 1.72 
23.64 1 12 12 61.54 11.8 1 9.72 
23.64 1 12 12 11.6 2 9.70 
23.64 1 12 12 11.7 3 9.91 
23.64 1 12 14 60.59 14.5 1 2.65 
23.64 1 12 14 14.4 2 3.66 
23.64 1 12 14 14.6 3 3.61 
23.64 1 12 16 59.38 15.7 1 2.60 
23.64 1 12 16 15.7 2 1.84 
23.64 1 15 16 15.7 3 1.72 
25.93 1 18 12 60.76 12.0 1 8.80 
PSAE 
333 
290 
285 
314 
293 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
213 
IM TRT MO MF TW GAC REP BSD BSF 
18 12 12.0 2 9.62 
18 12 12.1 3 9.16 
18 14 60.46 14.0 1 . 4.32 
18 14 14.0 2 4.33 
18 14 14.0 3 4.32 
18 16 59.29 16.1 1 2.00 
18 16 16.1 2 2.12 
18 16 16.1 3 2.16 
15 12 61.49 12.0 1 9.25 
15 12 12.1 2 9.43 
15 12 12,2 3 9.49 
15 14 60.84 14.0 1 4.56 
15 14 14.0 2 4.80 
15 14 14.0 3 5.36 
15 16 60.11 15.9 1 2.68 
15 16 15.9 2 2.36 
15 16 15.9 3 2.04 
12 12 60.28 12.5 1 8.53 
12 12 12.4 2 9.32 
12 12 12.4 • 3 8.84 
12 14 60.78 13.6 1 6.29 
12 14 13.7 2 6.32 
12 14 13.8 3 5.80 
12 16 59.35 15.6 1 1.88 
12 16 15.6 2 2.24 
12 16 15.6 3 2.16 
18 12 60.66 12.2 1 . 10.88 
18 12 12.2 2 . 10.88 
18 12 12.3 3 . 10.48 
18 14 60.04 13.8 1 6.43 
18 14 13.9 2 7.37 
18 14 13.7 3 7.29 
18 16 59.91 16.1 1 2.48 
18 16 16.1 2 2.64 
18 16 16.0 3 2.80 
15 12 61.15 11.8 1 9.57 
15 12 11.9 2 . 10.20 
15 12 11.9 3 . 10.56 
15 14 60.72 14.5 1 5.16 
15 14 14.3 2 5.44 
15 14 14.4 3 5.32 
15 16 59.61 16.1 1 2.68 
15 16 16.1 2 2.44 
15 16 16.1 2 2.40 
PSAE 
270 
317 
214 
V IM TRT MO 
4 25.34 1 12 
4 25.34 1 12 
4 25.34 1 12 
4 25.34 1 12 
4 25.34 1 12 
4 25.34 1 12 
4 25.34 1 12 
4 25.34 12 
4 25.34 1 12 
24.68 2 18 
24.68 2 18 
24.68 2 18 
24.68 2 18 
24.68 2 18 
24.68 2 18 
24.68 2 18 
24.68 2 18 
24.68 2 18 
24.68 2 15 
24.68 2 15 
24.68 2 15 
24.68 2 15 
24.68 2 15 
24.68 2 15 
24.68 2 15 
24.68 2 15 
24.68 2 15 
24.68 2 12 
24.68 2 12 
24.68 2 12 
24.68 2 12 
24.68 2 12 
24.68 2 12 
24.68 2 12 
24.68 2 12 
24.68 2 12 
2 23.64 2 18 
2 23.64 2 18 
2 23.64 2 18 
2 23.64 2 18 
2 23.64 2 18 
2 23.64 2 18 
2 23.64 2 18 
2 23.64 2 18 
MF TW GAC 
12 61.36 12.2 
12 . 12.2 
12 . 12.2 
14 60.96 14.4 
14 . 14.1 
14 . 14.5 
16 60.04 15.6 
16 . 15.6 
16 . 15.6 
16 60.09 15.8 
16 . 15.8 
16 . 15.8 
14 60.18 14.1 
14 . 14.1 
14 . 14.1 
12 60.32 12.0 
12 . 12.0 
12 . 12.0 
16 58.78 15.8 
16 . 15.8 
16 . 15.8 
14 59.17 13.1 
14 . 13.1 
14 . 13.1 
12 59.30 12.3 
12 . 12.3 
12 . 12.3 
16 58.70 15.5 
16 . 15.5 
16 . 15.5 
14 59.14 13.9 
14 . 13.9 
14 . 13.9 
12 59.28 12.1 
1 2  .  1 2 . 1  
1 2  .  1 2 . 1  
16 58.97 15.5 
16 . 15.5 
16 . 15.5 
14 59.57 14.0 
14 . 14.0 
14 . 14.0 
12 59.85 12.5 
12 . 12.5 
REP BSD BSF PSAE 
1 . 9.61 
2 . 9.94 
3 . 10.04 
1 . 5.45 312.5 
2  .  6 . 2 1  
3 . 5.75 
1 . 3.84 
2 . 3.64 
3 . 3.36 
1 . 5.16 
2 . 4.88 
3 . 5.08 
1 . 12.36 
2 . 10.76 
3  . 1 1 . 2 0  
1 . 24.26 
2 . 24.14 
3 , 24.36 
1 , 4.88 
2 . 5.28 
3 . 5.32 
1 . 20.41 
2 . 20.32 
3 . 20.18 
1 . 24.50 
2  . 2 5 . 0 6  
3 . 25.4.4 
1 . 5.52 
2 . 5.28 
3 . 5.36 
1 . 13.05 
2 . 13.56 
3 . 13.20 
1 . 27.70 
2 . 27.62 
3 . 28.04 
1 . 3.84 
2 . 3.36 
3 . 3.36 
1 . 8.40 
2 . 8.40 
3 . 8.41 
1 . 14.77 
2 . 14.65 
V 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
215 
IM TRT MO MF TW GAC REP BSC BSF 
23.64 2 18 12 12.5 3 . 14.77 
23.64 2 15 16 58.45 15.8 1 4.40 
23.64 2 15 16 15.8 2 3.68 
23.64 2 15 16 15.8 3 3.48 
23.64 2 15 14 59.00 13.4 1 . 12.69 
23.64 2 15 14 13.4 2 . 12.61 
23.64 2 15 14 13.4 3 . 12.81 
23.64 2 15 12 59.28 11.7 1 . 20.24 
23.64 2 15 12 11.7 2 . 19.85 
23.64 2 15 12 11.7 3 . 20.30 
23.64 2 12 16 57.74 16.0 1 3.24 
23.64 2 12 16 16.0 2 3.84 
23.64 2 12 16 16.0 3 3.88 
23.64 2 12 14 58.25 13.5 1 . 11.88 
23.64 2 12 14 13.5 2 . 11.85 
23.64 2 12 14 13.5 3 . 12.00 
23.64 2 12 12 58.99 11.8 1 . 26.48 
23.64 2 12 12 11.8 2 . 26.81 
23.64 2 12 12 11.8 3 . 26.44 
25.93 2 18 16 58.32 15.7 1 6.64 
25.93 2 18 16 15.7 2 5.84 
25.93 2 18 16 15.7 3 6.12 
25.93 2 18 14 58.70 13.7 1 . 14.97 
25.93 2 18 14 13.7 2 . 15.09 
25.93 2 18 14 13.7 3 . 14.68 
25.93 2 18 12 58.91 12.2 1 . 27.24 
25.93 2 18 12 12.2 2 . 27.45 
25.93 2 18 12 12.2 3 . 27.44 
25.93 2 15 16 58.26 15.5 1 7.65 
25.93 2 15 16 15.5 2 7.92 
25.93 2 15 16 15.5 3 7.28 
25.93 2 15 14 58.92 14.0 1 . 17.16 
25.93 2 15 14 14.0 2 . 18.32 
25.93 2 15 14 14.0 3 . 18.37 
25.93 2 15 12 59.06 11.9 1 . 28.52 
25.93 2 15 12 11.9 2 . 28.33 
25.93 2 15 12 11.9 3 . 28.68 
25.93 2 12 16 57.58 15.6 1 6.84 
25.93 2 12 16 15.6 2 7.92 
25.93 2 12 16 15.6 3 7.44 
25.93 2 12 14 58.15 13.9 1 . 16.94 
25.93 2 12 14 13.9 2 . 17.53 
25.93 2 12 14 13.9 3 . 17.16 
25.93 2 12 12 58.07 11.8 1 . 29.04 
PSAE 
216 
V IM TRT MO MF TW GAC 
3 25.93 2 12 12 11.8 
3 25.93 2 12 12 11.8 
4 25.34 2 18 16 58 23 16.4 
4 25.34 2 18 16 16.4 
4 25.34 2 18 16 16.4 
4 25.34 2 18 14 58 64 13.8 
4 25.34 2 18 14 13.8 
4 25.34 2 18 14 13.8 
4 25.34 2 18 12 59 14 12.3 
4 25.34 2 18 12 12.3 
4 25.34 2 18 12 12.3 
4 25.34 2 15 16 56 72 15.7 
4 25.34 2 15 16 15.7 
4 25.34 2 15 ' 16 15.7 
4 25.34 2 15 14 57 39 14.2 
4 25.34 2 15 14 14.2 
4 25.34 2 15 14 14.2 
4 25.34 2 15 12 57 42 12.3 
4 25.34 2 15 12 12.3 
4 25.34 2 15 12 12.3 
4 25.34 2 12 16 57 17 15.8 
4 25.34 2 12 16 15.8 
4 25.34 2 12 16 15.8 
4 25.34 2 12 14 56 65 13.7 
4 25.34 2 12 14 13.7 
4 25.34 2 12 14 13.7 
4 25.34 2 12 12 57 13 11.9 
4 25.34 2 12 12 11.9 
4 25.34 2 12 12 11.9 
BSO BSF PSAE 
. 29.04 
. 29.08 
4.41 
3.80 
4.72 
. 13.40 
. 13.22 
, 13.45 
. 20.70 
. 19.70 
. 20.33 
5.28 
5.60 
5.96 
. 14.04 
. 13.24 
. 13.62 
. 24.61 
. 25.44 
. 24.82 
5.64 
5.52 
5.37 
. 13.66 
. 13.93 
, 13.33 
.  2 8 . 1 2  
. 29.45 
. 29.18 
REP 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
